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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a positive 
electrode active material for use in a lithium secondary 
battery that can produce the lithium secondary battery 
having high discharge capacity and superior cycle 
performance, and to provide the lithium secondary 
battery having high discharge capacity and superior 
cycle performance. 

SOLUTION: This positive electrode active material for 
use in the lithium secondary battery contains a Li-Mn-Ni 
composite oxide characterized in that a mean diameter 
of primary particles of the Li-Mn-Ni composite oxide is 
2.0 firx\ or less and N2-BET specific surface area is 0.4 
m2/g or more. Then, the positive electrode active 
material for use in the lithium secondary battery 
contains a Li-Mn-Ni-Co composite oxide characterized 
in that a mean diameter of primary particles of the Li- 
Mn-Ni-Co composite oxide is 3.0 fxn\ or less and N2- 
BET specific surface area is 0.2 m2/g or more. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



~ CLAIMS 



[Claim(s)] 

[Claim 1] Positive active material for lithium secondary batteries characterized by being the 
positive active material for lithium secondary batteries containing the Li-Mn-nickel multiple 
oxide which uses a lithium (Li), manganese (Mn), and nickel (nickel) as a configuration element at 
least, and for the average diameter of the primary particle of said Li-Mn-nickel multiple oxide 
being 2.0 micrometers or less, and an N2-BET specific surface area being more than 0.4m2/g. 
[Claim 2] Positive active material for lithium secondary batteries characterized by being the 
positive active material for lithium secondary batteries containing the Li-Mn-nickel-Co multiple 
oxide which uses a lithium (Li), manganese (Mn), nickel (nickel), and cobalt (Co) as a 
configuration element at least, and for the average diameter of the primary particle of said Li- 
Mn-nickel-Co multiple oxide being 3.0 micrometers or less, and an N2-BET specific surface area 
being more than 0.2m2/g. 

[Claim 3] While having the alpha-NaFeO 2 crystal structure, said Li-Mn-nickel multiple oxide or 
said Li-Mn-nickel-Co multiple oxide Empirical formula LixMnaNibCoc02 (however, a, b, and c) It 
is the value of range which exists in the interior of the square ABCD with which (a, b, c) make 
Point A (5 0. 5 0. 0), Point B (55 0. 45 0. 0), Point C (35 0. 25 0. 0.4), and Point D (3 0. 3 0. 0.4) 
top-most vertices on a 3 yuan state diagram. 0.95 <=x/(a+b+c) <=1 .30 — it is — the positive 
active material for lithium secondary batteries according to claim 1 or 2 characterized by being 
the multiple oxide expressed. 

[Claim 4] The lithium secondary battery which has the positive electrode which contains the 
positive active material for lithium secondary batteries of a publication in any 1 term of claims 1- 
3, a negative electrode containing the negative-electrode ingredient which can occlusion emit a 
lithium ion, and a nonaqueous electrolyte. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention has a high discharge capacity, has the positive active 
material for lithium secondary batteries which can produce the lithium secondary battery 
excellent in the cycle engine performance, and a high discharge capacity, and relates to the 
lithium secondary battery excellent in the cycle engine performance. 
[0002] 

[Description of the Prior Art] Nonaqueous electrolyte rechargeable batteries, such as a lithium 
secondary battery, show high energy density, and since they are high voltages, they are widely 
used as a power source to a small personal digital assistant, a mobile communication device, etc. 
It is required for the positive active material for lithium secondary batteries also by the repeat of 
the insertion and desorption of a lithium that the crystal structure should be stable and 
electrochemical actuation capacity should be large. 

[0003] The multiple oxide of the lithium and transition metals with which current and operating 
potential consider lithium cobalt oxide (LiCo02) and the lithium nickel oxide (LiNi02) of the layer 
structure, or a lithium manganic acid ghost (LiMn02, LiMn 204) with Spinel structure as a basic 
configuration as a thing of the 4V neighborhood is known. Although the lithium cobalt multiple 
oxide expressed with LiCo02 grade also in the positive active material which has alpha-NaFeO 2 
structure where these high energy consistency is expectable was widely used for the 
noncommercial lithium ion battery etc., cobalt is a rare metal and there was a problem that a 
price was high. Moreover, since the lithium nickel complex oxide expressed with LiNi02 grade 
shows high energy density as compared with LiCo02 or LiMn 204, many examination of the 
utilization is made. However, since change took place to the crystal structure in connection with 
charge and discharge, said LiNi02 had the trouble that charge/discharge capability ability was 
bad. 

[0004] This cause Kanno, R.; Kubo, H.; Kawamoto, Y.;Kamiyama, T.; Izumi, F.; Takeda, Y.; Takano 
and M. Phase Relationship and Lithium According to Deintercalation in Lithium Nickel 
Oxides.J.Solid Sate Chem.1 10(2), 1994, and 216-225. In the process in which nickel (II) salt used 
for a raw material is oxidized to nickel (III) under an oxygen ambient atmosphere 600 degrees C 
or more, it is supposed that it will be because Li ****s with gestalten, such as Li20. That is, 
since nickel or Li is irregularly spread to such a site that suffered a loss, Li migration is checked 
and it is thought that this causes a capacity fall. 

[0005] As a means to solve this, the technique in which a different-species element permutes 
nickel site of LiNi02 is indicated widely. For example, the technique concerning a Li-Mn-nickel- 
O element system is indicated by the U.S. Pat. No. 5626635 specification (1997). Moreover, the 
technique concerning a Li-Mn-nickel-Co-O element system is indicated by a U.S. Pat. No. 
6040090 specification (2000) and JP,8-213015,A. Although each of these active materials shows 
the high initial discharge engine performance, its capacity fall by the repeat of charge and 
discharge is large, and they has not resulted in utilization. 

[0006] Moreover, if it compounds at an elevated temperature 800 degrees C or more in order to 
permute some nickel by Mn certainly, it is pointed out to JP.8-1 71 910,A that nickel and Mn 
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enter the site into which Li should go in a crystal, the crystal structure is confused, and cycle 
reversibility and discharge capacity fall. For this reason, in this official report, the value of alpha 
expressed with LiNi1-alphaMnalpha02 was set to 0.05-0.30, and the problem is solved by 
calcinating at 600 degrees C - 800 degrees C. However, there was still a problem of degradation 
of the discharge capacity by the repeat of the charge and discharge which originated in the 
property of LiNi02 also by this approach. 
[0007] 

[Problem(s) to be Solved by the Invention] This invention is offering the lithium secondary 
battery which is made in view of said trouble, the purpose's has a high discharge capacity, has 
the positive active material for lithium secondary batteries which can produce the lithium 
secondary battery excellent in the cycle engine performance, and a high discharge capacity, and 
was excellent in the cycle engine performance. 
[0008] 

[Means for Solving the Problem] Wholeheartedly, as a result of examination, by using the positive 
active material for lithium secondary batteries containing the multiple oxide with which the 
average diameter of a primary particle and the N2-BET specific surface area were made into 
specific within the limits, this invention persons have a high discharge capacity, and resulted that 
the lithium secondary battery excellent in the cycle engine performance was obtained in a 
header and this invention. That is, the engineering construction and the operation effectiveness 
of this invention are as follows. However, presumption is included about the mechanism of action 
and the right or wrong of the mechanism of action do not restrict this invention. 
[0009] Positive active material for lithium secondary batteries concerning claim 1 is 
characterized by being the positive active material for lithium secondary batteries containing the 
Li-Mn-nickel multiple oxide which uses a lithium (Li), manganese (Mn), and nickel (nickel) as a 
configuration element at least, and for the average diameter of the primary particle of said Li- 
Mn-nickel multiple oxide being 2.0 micrometers or less, and an N2-BET specific surface area 
being more than 0.4m2/g. According to such a configuration, it has a high discharge capacity and 
can consider as the positive active material for lithium secondary batteries which can produce 
the lithium secondary battery excellent in the cycle engine performance. 
[0010] Positive active material for lithium secondary batteries concerning claim 2 is 
characterized by being the positive active material for lithium secondary batteries containing the 
Li-Mn-nickel-Co multiple oxide which uses a lithium (Li), manganese (Mn), nickel (nickel), and 
cobalt (Co) as a configuration element at least, and for the average diameter of the primary 
particle of said Li-Mn-nickel-Co multiple oxide being 3.0 micrometers or less, and an N2-BET 
specific surface area being more than 0.2m2/g. According to such a configuration, it has a high 
discharge capacity and can consider as the positive active material for lithium secondary 
batteries which can produce the lithium secondary battery excellent in the cycle engine 
performance. 

[001 1] The positive active material for lithium secondary batteries concerning claim 3 While 
having the alpha-NaFeO 2 crystal structure, said Li-Mn-nickel multiple oxide or said Li-Mn- 
nickel-Co multiple oxide Empirical formula LixMnaNibCoc02 (however, a, b, and c) It is the value 
of range which exists in the interior of the square ABCD with which (a, b, c) make Point A (5 0. 5 
0. 0), Point B (55 0. 45 0. 0), Point C (35 0. 25 0. 0.4), and Point D (3 0. 3 0. 0.4) top-most 
vertices on a 3 yuan state diagram. 0.95 <=x/(a+b+c) <=1.30 — it is — it is characterized by 
being the multiple oxide expressed. Especially, it has a high discharge capacity and can consider 
as the positive active material for lithium secondary batteries which can produce the lithium 
secondary battery excellent in the cycle engine performance. 

[0012] Since the lithium secondary battery concerning claim* 4 has the positive electrode 
containing the positive active material for lithium secondary batteries concerning this invention, 
a negative electrode containing the negative-electrode ingredient which can occlusion emit a 
lithium ion, and a nonaqueous electrolyte, it has a high discharge capacity and can use it as the 
lithium secondary battery excellent in the cycle engine performance. 
[0013] 

[Embodiment of the Invention] Although the gestalt of operation of this invention is illustrated 
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below, this invention is not limited to the gestalt of the following operations. The lithium 
secondary battery (only henceforth a "cell") concerning this invention has the positive electrode 
containing the positive active material for lithium secondary batteries (only henceforth "positive 
active material"), a negative electrode containing the negative-electrode ingredient which can 
occlusion emit a lithium ion, and the nonaqueous electrolyte that the electrolyte salt contained in 
the non-aqueous solvent, and, generally a separator is formed between a positive electrode and 
a negative electrode. 

[0014] First, in this invention, the first positive active material which constitutes a positive 
electrode makes it requirements to be the positive active material for lithium secondary 
batteries containing the Li-Mn-nickel multiple oxide which uses a lithium (Li), manganese (Mn), 
and nickel (nickel) as a configuration element at least, and for the average diameter of the 
primary particle of said Li-Mn-nickel multiple oxide to be 2.0 micrometers or less, and for an N2- 
BET specific surface area (only henceforth specific surface area) to be more than 0.4m2/g. If 
the average diameter of the primary particle of a Li-Mn-nickel-Co multiple oxide exceeds 2.0 
micrometers, cell properties, such as a discharge property (discharge capacity) and a cycle 
property, will fall. If an average diameter exceeds 2.0 micrometers to the ability to attain [ this 
can contact the electrolytic solution widely as said average diameter is 2.0 micrometers or less, 
consequently ] a high cell property, the electrolytic solution cannot permeate a particle gap 
easily and it will be thought that it is because rate-limiting [ of diffusion or electronic conduction 
of Li ] is carried out inside a solid particulate. 

[0015] 2.0 micrometers or less, more preferably, an average diameter is 1.0 micrometers or less 
most preferably, and is 0.2 micrometers or more 1.5 micrometers or less — the thermal stability 
of the active material at the time of charge — high — in addition — and it is desirable from the 
point that densification can be attained. Moreover, when specific surface area is smaller than 
0.4m2/g, the fine particles of positive active material stop being able to contact the electrolytic 
solution easily, and cell engine performance, such as cycle engine performance, will fall, 
preferably, specific surface area is more than 0.6m2/g more preferably more than 0.4m2/g, and it 
is below 4.0m2/g — the thermal stability of the active material at the time of charge — high — 
in addition — and it is desirable from the point that densification can be attained. 
[0016] Moreover, in this invention, the second positive active material which constitutes a 
positive electrode makes it requirements to be the positive active material for lithium secondary 
batteries containing the Li-Mn-nickel-Co multiple oxide which uses a lithium (Li), manganese 
(Mn), nickel (nickel), and cobalt (Co) as a configuration element at least, and for the average 
diameter of the primary particle of said Li-Mn-nickel-Co multiple oxide to be 3.0 micrometers or 
less, and for an N2-BET specific surface area to be more than 0.2m2/g. If the average diameter 
of the primary particle of a Li-Mn-nickel-Co multiple oxide exceeds 3.0 micrometers, cell 
properties, such as a discharge property (discharge capacity) and a cycle property, will fall. If an 
average diameter exceeds 3.0 micrometers to the ability to attain [ this can contact the 
electrolytic solution widely as said average diameter is 3.0 micrometers or less, consequently ] a 
high cell property, the electrolytic solution cannot permeate a particle gap easily and it will be 
thought that it is because rate-limiting [ of diffusion or electronic conduction of Li ] is carried 
out inside a solid particulate. 

[0017] 3.0 micrometers or less, more preferably, an average diameter is 1.0 micrometers or less 
most preferably, and is 0.5 micrometers or more 1.5 micrometers or less — the thermal stability 
of the active material at the time of charge — high — in addition — and it is desirable from the 
point that densification can be attained. Moreover, when specific surface area is smaller than 
0.2m2/g, and a particle carries out densification, the fine particles of positive active material 
stop being able to contact the electrolytic solution easily, and cell engine performance, such as 
cycle engine performance, will fall, preferably, more than 0.2m2/g, specific surface area is more 
than 0.5m2/g more preferably, and is below 1.5m2/g — the thermal stability of the active 
material at the time of charge — high — in addition — and it is desirable from the point that 
densification can be attained. 

[0018] Although the magnitude of a primary particle should just have the range indicated above, 
since the magnitude and the configuration of a secondary particle which many these primary 
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particles condensed also affect a cell property in many cases, the multiple oxide which 
constitutes the first of this invention and the second positive active material is 8 micrometers - 
12 micrometers preferably [ that the diameter of a secondary particle is 5 micrometers - 30 
micrometers ], and more preferably. Moreover, although the particle size distribution of these 
secondary particles can be designed suitably, it changes the particle ratio of a primary particle 
and a secondary particle, and becomes possible [ offering the higher cell engine performance ], 
for example. 

[0019] The multiple oxide which constitutes the first of this invention, and the second positive 
active material While having the alpha-NaFeO 2 crystal structure, it is an empirical formula 
LixMnaNibCoc02 (however, a, b, and c). It is the value of range which exists in the interior of the 
square ABCD with which (a, b, c) make Point A (5 0. 5 0. 0), Point B (55 0. 45 0. 0), Point C (35 
0. 25 0. 0.4), and Point D (3 0. 3 0. 0.4) top-most vertices on a 3 yuan state diagram. 0.95 <=x/ 
(a+b+c) <=1 .30 — it is — it is desirable, and thereby especially, that it is the multiple oxide 
expressed has a high discharge capacity, and it can produce the lithium secondary battery 
excellent in the cycle engine performance. In addition, in the above-mentioned empirical formula, 
the value of a, b, and c can be set as arbitration by defining the mixing ratio of each transition- 
metals compound contained in the mixture before heat treatment. 

[0020] In the above-mentioned empirical formula, when a separates from the above-mentioned 
range (i.e., when the amount of Mn separates), there is an inclination which the problem that 
discharge capacity falls produces. In the above-mentioned empirical formula, when b separates 
from the above-mentioned range (i.e., when the amount of nickel separates), there is an 
inclination which is inferior to the thermal stability of the active material at the time of charge, or 
the problem of being inferior also to the cycle engine performance produces. Moreover, in the 
above-mentioned empirical formula, when c separates from the above-mentioned range (i.e., 
when the amount of Co separates), there is an inclination which the problem of being inferior to 
the thermal stability of the active material at the time of charge produces. Furthermore, in the 
above-mentioned empirical formula, when "x/(a+b+c)" which specifies the amount of Li to 
transition metals other than Li separates from the above-mentioned range, there is an inclination 
which the problem of having a bad influence on discharge capacity and the cycle engine 
performance produces. 

[0021] If, as for the positive active material of this invention, the multiple oxide which 
constitutes positive active material has the particle size and specific surface area which were 
indicated above, although the manufacture approach is not limited, it will be explained in full 
detail below especially about the desirable manufacture approach. 

[0022] As for the first and the second positive active material concerning this invention, it is 
desirable respectively to calcinate and obtain "the Li-Mn-nickel multiple oxide precursor which 
contains Li component, Mn component, and nickel component at least", and "the Li-Mn~nickel- 
Co multiple oxide precursor which contains Li component, Mn component, nickel component, and 
Co component at least" above 900 degrees C. Especially burning temperature has 900 degrees C 
- desirable 1 100 degrees C, and 950 degrees C - its 1050 degrees C divide and are desirable. 
[0023] If burning temperature is less than 900 degrees C, it will be easy to produce the problem 
that the cycle engine performance falls. On the other hand, if burning temperature exceeds 1 100 
degrees C, it will be easy to produce the problem on production of the multiple oxide of a target 
presentation not being easily obtained by volatilization of Li, and the problem that the cell engine 
performance falls by the densification of a particle. Although this originates in a primary particle 
growth rate increasing and the crystal grain child of a multiple oxide growing up too much if it 
exceeds 1 100 degrees C, in addition to it, the amount of Li deficits increases locally and it is 
considered that it is the cause that it is also structurally unstable. When burning temperature is 
950 degrees C or more, especially, it has a high discharge capacity and the lithium secondary 
battery excellent in the cycle engine performance can be produced. 

[0024] Although baking of a Li-Mn-nickel-Co multiple oxide precursor causes a chemical change 
to the alpha-NaFeO 2 crystal structure and at least 700 degrees C of this phase transition are 
fully completed, the cell engine performance can be remarkably improved by heat-treating at the 
high temperature of still higher 950 degrees C or more. 
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[0025] 3 hours - 50 hours of firing time are desirable. Although there is no cell engine- 
performance top problem when firing time exceeds 50 hours, it becomes the inclination which is 
substantially inferior to the cell engine performance with volatilization of Li. If there is less firing 
time than 3 hours, development of a crystal will be bad and will serve as the inclination for a cell 
property to worsen. 

[0026] Although the desirable range was indicated about burning temperature and firing time 
above, the average diameter of the primary particle of a multiple oxide and N2-BET specific 
surface area which are obtained are suitably chosen so that it may become the range specified 
by this invention. 

[0027] As a Li-Mn-nickel multiple oxide precursor, "the mixture obtained by grinding and mixing 
Li compound, Mn compound, and nickel compound (it mixing physically)", "the mixture which is 
made to mix" the Mn-nickel coprecipitate which is made to carry out coprecipitation (for it to mix 
chemically) of Mn compound and the nickel compound, and is obtained, and Li compound, and is 
obtained", etc. can be mentioned. Moreover, as a Li-Mn-nickel-Co multiple oxide precursor, "the 
mixture obtained by grinding and mixing Li compound, Mn compound, nickel compound, and Co 
compound (it mixing physically)", "the mixture which is made to mix the Mn-nickel-Co 
coprecipitate which is made to carry out coprecipitation (for it to mix chemically) of Mn 
compound, nickel compound, and the Co compound, and is obtained, and Li compound, and is 
obtained", etc. can be mentioned. 

[0028] as Li compound — a lithium hydroxide, a lithium carbonate, etc. — as a Mn compound, as 
a nickel compound, nickel hydroxide, nickel carbonate, a nickel sulfate, nickel nitrate, etc. can be 
mentioned, and manganese oxide, manganese carbonate, a manganese sulfate, manganese 
nitrate, etc. can be mentioned for cobalt hydroxide, cobalt carbonate, cobalt oxide, cobalt sulfate, 
a cobalt nitrate, etc. as a Co compound. 

[0029] As for production of a Mn-nickel coprecipitate, it is desirable that it is the coprecipitate 
with which Mn and nickel were mixed by homogeneity, and, as for production of a Mn-nickel-Co 
coprecipitate, it is desirable that it is the coprecipitate with which Mn, and nickel and Co were 
mixed by homogeneity, settling the aqueous acids of nickel and Mn by the sodium hydroxide, if an 
example of production of a Mn-nickel coprecipitate is given — it is suitably producible, 
moreover, the thing for which production of a Mn-nickel-Co coprecipitate settles the aqueous 
acids of nickel, Mn, and Co by sodium hydroxide — it is suitably producible. Under the present 
circumstances, it becomes producible [ the precursor particle which has a spherical gestalt by 
making the ammonium ion of an excessive amount live together to a metal in the system of 
reaction ]. In this case, if it seems that the valence of an element fluctuates, it is good to make 
an oxidizer or a reducing agent exist suitably. Although, as for the gestalt, a hydroxide turns into 
a main product when settling a coprecipitate under coexistence of a hydroxide, Mn etc. may 
serve as a gestalt of an oxide. 

[0030] The manufacture approach of the positive active material concerning this invention for 
example, by using the above-mentioned manufacture approach Although it will not be limited if 
the multiple oxide which constitutes positive active material comes to have the particle size and 
specific surface area which were indicated above, each of Mn, nickel, and Co(es) by going via a 
hydroxide, for example A Mn-nickel coprecipitate or a Mn-nickel-Co coprecipitate can be 
produced, and the approach of mixing and heat-treating a Mn-nickel coprecipitate or a Mn- 
nickel-Co coprecipitate, and Li compound can be mentioned suitably. In addition, production of a 
Mn-nickel coprecipitate and a Mn-nickel-Co coprecipitate may be a batch method, or may be 
continuation settling. 

[0031] In the case of this approach, the optimal primary particle diameter for a cell property 
changes with the particle size distribution of a Mn-nickel coprecipitate, and particle size 
distributions of a Mn-nickel-Co coprecipitate, but if it is even in the range of the primary particle 
specified by this invention, the effectiveness of this invention will be acquired. That is, for 
example like the coprecipitation method of a batch method, when a coprecipitate is produced in 
the condition that the nucleation rate of a crystal exceeds a growth rate, the diameter of 
average distribution of the fine particles after heat treatment tends to spread. In that case, fine 
particles turn into fine particles with a high primary particle ratio. In that case, even if a value 
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with the primary particle diameter near the upper limit specified by this invention is shown, as a 
result of the isolated primary particle's contacting the electrolytic solution widely, a high charge- 
and-discharge property will be shown. When the coprecipitate produced on conditions on which 
the nuclear growth rate of a crystal exceeds a karyogenesis rate like [ in the case of the 
continuation settling which, on the other hand, performs injection of raw material liquid (for 
example, water solution of Mn compound, nickel compound, and Co compound) and extraction of 
a coprecipitate continuously ] is heat-treated, fine particles tend to form the uniform spherical 
secondary particle in which the primary particle carried out a large number condensation. In such 
a case, as for primary particle diameter, it is desirable that it is especially as lower **** more 
greatly than the upper limit specified by this invention. 

[0032] As for the nonaqueous electrolyte which constitutes the lithium secondary battery of this 
invention^ what an electrolyte salt contains in a non-aqueous solvent, and the use to a lithium 
cell etc. is generally usually proposed as is usable. As a non-aqueous solvent, for example 
Propylene carbonate, ethylene carbonate, Annular carbonates, such as butylene carbonate, 
chloroethylene carbonate, and vinylene carbonate; Gamma-butyrolactone, Cyclic ester, such as 
gamma-valerolactone; Dimethyl carbonate, diethyl carbonate, Chain-like carbonate, such as ethyl 
methyl carbonate; Methyl formate, methyl acetate, chain-like ester [, such as methyl butyrate, ]; 
— tetrahydrofuran or its derivative; — 1 and 3-dioxane — 1,4-dioxane, 1, 2-dimethoxyethane, 1, 
4-dibutoxy ethane, Ether, such as a methyl jig lime; although independent or these two or more 
sorts of mixture, such as nitril; dioxolane or its derivative; ethylene sulfides, such as an 
acetonitrile and a benzonitrile, a sulfolane, a sultone, or its derivative, etc. can be mentioned It is 
not limited to these. 

[0033] As an electrolyte salt, for example Lithiums, such as LiCI04, LiBF4, LiAsF6, LiPF6, 
LiSCN, LiBr, Lil, Li2S04, U2B10CI10, NaCI04 and Nal, NaSCN, NaBr, KCI04, and KSCN (Li), The 
inorganic ion salt containing one sort of sodium (Na) or a potassium (K), UCF3S03, LiN 
(CF3S02)2, LiN (C2F5S02)2, LiN (CF3S02) (C4F9S02), LiC 3 LiC (CF3S02) 3, (C2F5S02) 
4NBF4, (CH3) 4NBr, (CH3) 4NCI04, 4(C2H5) NI, 4(C3H7) NBr, 4(n-C4H9) NCI04, 4(n-C4H9) NI, 
4 (C2H5) N-maleate, 4 (C2H5) N-benzoate, 4 (C2H5) N-phtalate, (C2H5) Organic ion salts, such 
as a stearyl sulfonic-acid lithium, an octyl sulfonic-acid lithium, and the dodecylbenzenesulfonic 
acid lithium, etc. are mentioned, and it is possible independence or for two or more kinds to be 
mixed and to use these ionicity compounds. 

[0034] Furthermore, since electrolytic viscosity can be further lowered by mixing and using the 
lithium salt which has a perfluoroalkyl radical like LiBF4 and LiN (C2F5S02)2, a low-temperature 
property can be raised further and it is more desirable. 

[0035] In order to obtain certainly the nonaqueous electrolyte cell which has a high cell property 
as concentration of the electrolyte salt in nonaqueous electrolyte, 0.1 mol/l - 5 mol/l is 0.5 
mol/l - 2.5 mol/l desirable still more preferably. 

[0036] The electrode with which the electrode containing the above-mentioned specific multiple 
oxide consisted of high graphite of a degree of graphitization with the sufficient carbonaceous 
ingredient, especially the initial charging efficiency to a negative electrode is suitably used for 
the positive electrode of the lithium secondary battery of this invention. 
[0037] If other lithium content transition-metals oxide, lithium content phosphate, a lithium 
content sulfate, etc. are mixed and used as positive active material which is the main constituent 
of a positive electrode in addition to the multiple oxide by above-mentioned this invention, since 
high energy density and high safety will be obtained, it is desirable. As a lithium content 
transition-metals oxide of said others, it is general formulas LixMX2 and LixMNyX2 (M and N 
show a VIII group's metal from I, and X shows chalcogen compounds, such as oxygen and sulfur.), 
for example, they are LiyCo1-xMx02 and LiyMn2-XMX04 (as for M t a VIII group's metal (for 
example, one or more kinds of elements of Li, calcium, Cr, nickel, Fe, and Co) etc. is mentioned 
from I.). Although it is effective to the peak which can be permuted about x values which show 
the amount of different-species element permutations of this lithium content transition-metals 
oxide, it is 0<=x<=1 from the point of discharge capacity preferably. Moreover, about y value 
which shows the amount of lithiums, the peak which can use a lithium reversibly is effective, and 
it is 0<=y<=2 from the point of discharge capacity preferably. Although mentioned, it is not 
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limited to these. 

[0038] It may mix to the positive active material which consists of a multiple oxide by this 
invention further, and other positive active material may be used for it. Moreover, as other 
positive active material CuO, Cu20, Ag20, CuS, I group metallic compounds of CuS04 grade, IV 
group metallic compounds, such as TiS2, Si02, and SnO, V205, V6012, VOx and Nb 205, Bi203, 
V group metallic compounds of Sb203 grade, Cr03, Cr 203, Mo03, MoS2 and W03, VI group 
metallic compounds of Se02 grade, Are expressed by VIII group metallic compounds, such as VII 
group metallic compounds of Mn02 and Mn203 grade, Fe 203, FeO and Fe 304, nickel203, and 
NiO, Co03, CoO, etc. For example, metallic compounds, such as a lithium-cobalt system multiple 
oxide and a lithium-manganese system multiple oxide, Furthermore, although conductive polymer 
: compounds, such as disulfide, polypyrrole, the poly aniline, poly para-phenylene, polyacethylene, 
and the poly acene system ingredient, a pseudo-graphite structure carbonaceous ingredient, etc. 
are mentioned, it is not limited to these. 

[0039] Although it is not limited if the operating rate of other oxides is extent which does not 
spoil the effectiveness of this invention when using other oxides together as positive active 
material in addition to the specific multiple oxide by this invention, as for other components, it is 
preferably desirable among [ all ] positive active material that it is 5 % of the weight - 30 % of the 
weight 1 % of the weight to 50% of the weight. 

[0040] a positive electrode — said multiple oxide — an electric conduction agent and a binder - 
- further — the need — responding — a filler — kneading — a positive electrode — this 
positive electrode after considering as a mixture — it is produced by applying or sticking a 
mixture to a foil, a lath plate, etc. as a charge collector by pressure, and heat-treating it at the 
temperature of 50 degrees C - about 250 degrees C for about 2 hours. 

[0041] As a negative-electrode ingredient as long as it is a deposit or the thing of a gestalt 
which can carry out occlusion about a lithium ion, anything may be chosen. For example, carbon 
materials (for example, graphite, hard carbon, low-temperature baking carbon, amorphous carbon, 
etc.) besides a lithium metal, a lithium alloy (lithium metal content alloys, such as lithium- 
aluminum, lithium-lead, lithium-tin, lithium-aluminum-tin, a lithium-gallium, and a Wood metal), a 
lithium multiple oxide (lithium-titanium), and oxidization silicon etc. are mentioned. Also in these, 
graphite has the action potential very near a metal lithium, and can realize the charge and 
discharge in high operating potential. Moreover, since self-discharge can be lessened and 
irreversible capacity in charge and discharge can be lessened when lithium salt is adopted as an 
electrolyte salt, it is desirable as a negative-electrode ingredient. For example, an artificial 
graphite and a natural graphite are desirable. Especially the graphite that has embellished the 
negative-electrode ingredient particle front face with indeterminate form carbon etc. has the 
desirable generation of gas under charge from few things. 

[0042] The analysis result by the X-ray diffraction of the graphite which can be suitably used for 
below etc. is shown.; 

Lattice spacing (d002) 0.333-0.350nm Magnitude La of the microcrystal of the direction of an a- 
axis 20nm Above Magnitude Lc of the microcrystal of the direction of a c-axis 20nm Above True 
density It is also possible to add metallic oxides, such as a stannic-acid ghost and silicon oxide, 
Lynn, boron, amorphous carbon, etc. to 2.00 - 2.25 g/cm3 and graphite, and to perform reforming 
to them. It is possible to control electrolytic disassembly and to raise a cell property by 
reforming the front face of graphite by the above-mentioned approach especially, and it is 
desirable. Furthermore, the graphite in which the lithium was inserted to graphite using together 
lithium metal content alloys, such as a lithium metal, lithium-aluminum, lithium-lead, lithium-tin, 
lithium-aluminum-tin, a lithium-gallium, and a Wood metal, etc. and by returning electrochemically 
beforehand is usable as a negative-electrode ingredient. 

[0043] Although the mean particle diameter of the multiple oxide which constitutes positive 
active material is as being indicated above, as for the fine particles of a negative-electrode 
ingredient, it is desirable that it is the average grain size of 100 micrometers or less. A grinder 
and a classifier are used in order to obtain fine particles in a predetermined configuration. For 
example, a mortar, a ball mill, a sand mill, a vibration ball mill, a planet ball mill, a jet mill, a 
counter jet mill, a revolution air-current mold jet mill, a screen, etc. are used. At the time of 
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grinding, wet grinding which made organic solvents, such as water or a hexane, live together can 
also be used. As the classification approach, there is especially no limitation and a screen, a 
pneumatic elutriation machine, etc. are used if needed in dry type and wet. 
[0044] As mentioned above, although the positive active material and the negative-electrode 
ingredient which are the main constituent of a positive electrode and a negative electrode were 
explained in full detail, in said positive electrode and negative electrode, an electric conduction 
agent, a binder, a thickener, a filler, etc. may contain as other constituents other than said main 
constituents. 

[0045] Although it will not be limited if it is the electronic conduction nature ingredient which 
does not have a bad influence on the cell engine performance as an electric conduction agent, 
conductive ingredients, such as natural graphites (flaky graphite, a scale-like graphite, earthy 
graphite, etc.), an artificial graphite, carbon black, acetylene black, KETCHIEN black, a carbon 
whisker, a carbon fiber, metal powder (copper, nickel, aluminum, silver, gold, etc.), a metal fiber, 
and a conductive ceramic ingredient, can usually be included as one sort or those mixture. 
[0046] In these, acetylene black is more desirable than the viewpoint of electronic conduction 
nature and coating nature as an electric conduction agent. The addition of an electric conduction 
agent has 0.1 % of the weight - 50 desirable % of the weight to the AUW of a positive electrode 
or a negative electrode, and 0.5 % of the weight - its 30 % of the weight is especially desirable. 
Since a need carbon content is reducible if especially acetylene black is ground and used for a 
0.1-0.5-micrometer ultrafine particle, it is desirable. These mixed approaches are physical mixing 
and the place made into the ideal is homogeneity mixing. Therefore, it is possible to mix the 
powder-mixing machine like a V shaped rotary mixer, a smooth S form mixer, a ****** machine, 
a ball mill, and a planet ball mill with dry type or wet. 

[0047] As said binder, the polymer which has the rubber elasticity of thermoplastics, such as 
polytetrafluoroethylene (PTFE), polyvinylidene fluoride (PVDF), polyethylene, and polypropylene, 
an ethylene-propylene-diene terpolymer (EPDM), sulfonation EPDM, styrene butadiene rubber 
(SBR), a fluororubber, etc. can usually be used as one sort or two sorts or more of mixture. The 
addition of a binder has 1 - 50 desirable % of the weight to the AUW of a positive electrode or a 
negative electrode, and its 2-30 % of the weight is especially desirable. 
[0048] As said thickener, polysaccharide, such as a carboxymethyl cellulose and methyl 
cellulose, etc. can usually be used as one sort or two sorts or more of mixture. Moreover, as for 
a lithium and the thickener which has the functional group which reacts, it is desirable like 
polysaccharide to carry out to methylate, for example etc. and to carry out deactivation of the 
functional group. The addition of a thickener has 0.5-10 desirable % of the weight to the AUW 
of a positive electrode or a negative electrode, and its 1 - 2 % of the weight is especially 
desirable. 

[0049] As long as it is the ingredient which does not have a bad influence on the cell engine 
performance as a filler, what kind of thing may be used. Usually, olefin system polymers, such as 
polypropylene and polyethylene, an amorphism silica, an alumina, a zeolite, glass, carbon, etc. are 
used. 30 or less % of the weight of an addition is [ the addition of a filler ] desirable to the AUW 
of a positive electrode or a negative electrode. 

[0050] After making organic solvents, such as N-methyl pyrrolidone and toluene, mix said active 
material, an electric conduction agent, and a binder, a positive electrode and a negative 
electrode apply the obtained mixed liquor on the charge collector explained in full detail below, 
and are suitably produced by drying. About said method of application, although it is desirable to 
apply to the thickness of arbitration and the configuration of arbitration using means, such as 
roller coatings, such as an applicator roll, screen coating, a doctor blade method, spin coating, 
and bar coater, it is not limited to these, for example. 

[0051] As long as it is the electronic conductor which does not do a bad influence in the 
constituted cell as a charge collector, what kind of thing may be used. For example, as a charge 
collector for positive electrodes, besides aluminum, titanium, stainless steel, nickel, baking 
carbon, a conductive polymer, electrically conductive glass, etc., it is the purpose on an adhesive 
property, conductivity, and an anti-oxidation disposition, and the object which processed front 
faces, such as aluminum and copper, with carbon, nickel, titanium, silver, etc. can be used. As a 
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charge collector for negative electrodes, besides copper, nickel, iron, stainless steel, titanium, 
aluminum, baking carbon, a conductive polymer, electrically conductive glass, an aluminum-Cd 
alloy, etc., it is the purpose of an adhesive property, conductivity, and reducibility-proof, and the 
object which processed front faces, such as copper, with carbon, nickel, titanium, silver, etc. can 
be used. About these ingredients, it is also possible to oxidize a front face. 
[0052] About the configuration of a charge collector, the shape of the shape of the shape of 
others and a film and a sheet and a network, punch or the object by which expanded one was 
-■ carried out, a lath object, a porous body, a firing object, the organizer of a fiber group, etc. are 
used. [ shape / of foil ] Although there is especially no limitation of thickness, a 1-500- 
micrometer thing is used. It is desirable that aluminium foil excellent in oxidation resistance is 
excellent in reducibility-proof and conductivity, and uses cheap copper foil, a nickel foil, an iron 
foil, and the alloy foil containing those parts as a negative electrode as a positive electrode in 
these charge collectors. Furthermore, it is desirable that split-face surface roughness is a foil 
more than 0.2micromRa, and, thereby, the adhesion of positive active material or a negative- 
electrode ingredient, and a charge collector becomes the outstanding thing. Therefore, since it 
has such a split face, it is desirable to use an electrolysis foil. Especially the electrolysis foil that 
performed processing with Hana is the most desirable, furthermore, the case where double-sided 
coating is carried out to this foil — the surface roughness of a foil — the same — or a, almost 
equal thing is desired. 

[0053] It is desirable independent or to use together the porous film in which the outstanding 
rate property is shown as a separator, a nonwoven fabric, etc. As an ingredient which constitutes 
the separator for nonaqueous electrolyte cells For example, the polyolefine system resin 
represented by polyethylene, polypropylene, etc., The polyester system resin represented by 
polyethylene terephthalate, polybutylene terephthalate, etc., A polyvinylidene fluoride and 
vinylidene fluoride-hexafluoropropylene copolymer, A vinylidene fluoride-perfluoro vinyl ether 
copolymer, a vinylidene fluoride-tetrafluoroethylene copolymer, A vinylidene fluoride-trifluoro 
ethylene copolymer, a vinylidene fluoride-fluoro ethylene copolymer, A vinylidene fluoride- 
hexafluoroacetone copolymer, a vinylidene fluoride-ethylene copolymer, A vinylidene fluoride- 
propylene copolymer, a vinylidene fluoride-trifluoro propylene copolymer, A vinylidene fluoride- 
tetrafluoroethylene.^hexafluoropropylene copolymer, a vinylidene fluoride-ethylene- 
tetrafluoroethylene copolymer, etc. can be mentioned. 

[0054] A strong viewpoint to below 98 volume % of the void content of a separator is desirable. 
Moreover, more than 20 volume % of the viewpoint of a charge-and-discharge property to a void 
content is desirable. 

[0055] Moreover, the polymer gel which consists of a polymer and electrolytes, such as 
acrylonitrile, ethylene oxide, propylene oxide, a methylmetaacrylate, vinyl acetate, vinyl 
pyrrolidone, and polyvinylidene fluoride, may be used for a separator. 

[0056] When the nonaqueous electrolyte of this invention is used by the gel state as mentioned 
above, it is desirable at the point which is effective in preventing a liquid spill. 
[0057] Furthermore, when porous film, a nonwoven fabric, etc. which were mentioned above, and 
polymer gel are used together and used, electrolytic solution retention of a separator is desirable 
for a ****** reason, namely, the film which covered the parent solvent nature polymer with a 
thickness of several micrometers or less to the front face and fine porous wall side of a 
polyethylene micropore film — forming — the fine hole of said film — said parent solvent nature 
polymer gels by making an electrolyte hold inside. . 

[0058] The polymer over which the acrylate monomer which has an others and ethylene oxide 
radical, an ester group, etc., the epoxy monomer, the monomer which has an isocyanate radical 
constructed the bridge as said parent solvent nature polymer is mentioned. [ polyvinylidene 
fluoride ] As for this monomer, it is possible to use a radical initiator together and to make 
crosslinking reaction perform using activity beams of light, such as an electron ray (EB), etc. in 
to use heating and ultraviolet rays (UV) ****. 

[0059] It can be used for reinforcement or the purpose of physical-properties control, being able 
to blend with said parent solvent nature polymer the physical-properties regulator of the range 
which does not block formation of a bridge formation object. As an example of said physical- 
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properties regulator, inorganic fillers {metal carbonates, such as metallic oxides, such as silicon 
oxide, titanium oxide, an aluminum oxide, magnesium oxide, a zirconium dioxide, a zinc oxide, and 
an iron oxide, a calcium carbonate, and a magnesium carbonate,} and polymers {polyvinylidene 
fluoride, vinylidene fluoride / hexafluoropropylene copolymer, a polyacrylonitrile, 
polymethylmethacrylate), etc. are mentioned. The addition of said physical-properties regulator is 
usually 20 or less % of the weight preferably 50 or less % of the weight to a cross-linking 
monomer. 

[0060] If it illustrates about said acrylate monomer, the partial saturation monomer of two or 
more organic functions will be mentioned suitably. More in an example 2 organic-functions (meta) 
acrylate (ethylene GURIKORUJI (meta) acrylate, Propylene GURIKORUJI (meta) acrylate, an 
adipic acid and dineopentyl glycol S TERUJI (meta) acrylate, With a degrees of polymerization of 
two or more polyethylene GURIKORUJI (meta) acrylate, with a degrees of polymerization of two 
or more polypropylene GURIKORUJI (meta) acrylate, The di(meth)acrylate of a 
polyoxyethylene / polyoxypropylene copolymer, }, such as butane JIORUJI (meta) acrylate and 
hexamethylene GURIKORUJI (meta) acrylate, 3 organic-functions (meta) acrylate {TORIMECHI 
roll pro pantry (meta) acrylate, GURISERINTORI (meta) acrylate, the Tori (meta) acrylate of the 
ethylene oxide addition product of a glycerol. The Tori (meta) acrylate of the propylene oxide 
addition product of a glycerol, } and the polyfunctional (meta) acrylate {pentaerythritol tetrapod 
(meta) acrylate, diglycerol hexa (meta) acrylate}, etc. of four or more organic functions, such as 
ethylene oxide of a glycerol and Tori (meta) acrylate of a propylene oxide addition product, are 
mentioned, independent in these monomers — or it can use together and use. 
[0061] In said acrylate monomer, 1 organic-functions monomer can also be added for the 
purpose, such as physical-properties adjustment. As an example of said 1 organic-functions 
monomer, an unsaturated-carboxylic-acid {acrylic acid, A methacrylic acid, a crotonic acid, a 
**** leather acid, a vinyl benzoic acid, a maleic acid, Boletic acid, an itaconic acid, a citraconic 
acid, mesaconic acid, a methylene malonic acid, } and partial saturation sulfonic acids {a styrene 
sulfonic acid, an acrylamide-isobutane sulfonic acid}, etc., such as aconitic acid, or those salts 
(Li salt — ) Na salt, K salt, ammonium salt, tetra-alkyl ammonium salt, etc., These unsaturated 
carboxylic acid Moreover, aliphatic series or alicyclic alcohol of C1-C18, what was partially 
esterified by the alkylene (C2-C4) glycol, the polyalkylene (C2-C4) glycol, etc. (methylmalate — ) 
what was amidated partially [ mono-hydroxyethyl malate etc. ] at ammonia and the 1st class, or 
secondary amine (the maleic-acid monoamide — ) N-methy|-maleic-acid monoamide, N, and N- 
diethyl maleic-acid monoamide etc., (Meta) the aliphatic series (methyl and ethyl — ) of acrylic 
ester [C1-C18 The ester of alcohol, such as propyl, butyl, 2-ethylhexyl, and stearyl, and an 
acrylic acid (meta), or an alkylene (C2-C4) glycol (ethylene glycol and propylene glycol — ) 
polyalkylene (C2-C4) glycols (a polyethylene glycol — ), such as 1 ,4-butanediol Ester [ of a 
polypropylene glycol and an acrylic acid (meta) ]]; (meta) Acrylamide or N-permutation (meta) 
acrylamide [(meta) acrylamide, ], such as N-methyl (meta) acrylamide and N-methylol (meta) 
acrylamide; Vinyl ester or allyl ester [vinyl acetate, ], such as an acetic-acid allyl compound; 
Vinyl ether or allyl compound ether [butyl vinyl ether, ], such as the dodecyl allyl compound 
ether; Unsaturated nitrile compound [(meta) acrylonitrile, ], such as croton nitril; Unsaturated 
alcohol [(meta) allyl alcohol etc.;] partial saturation amine [(meta) allylamine, ], such as a 
dimethylaminoethyl (meta) acrylic rate and diethylaminoethyl (meta) acrylate; Heterocycle 
content monomer [N-vinyl pyrrolidone, ], such as vinylpyridine; Olefin system aliphatic 
hydrocarbon [ethylene, a propylene, ], such as a butylene, an isobutylene, a pentene, and an 
alpha olefin (C6-C50); Olefin system alicyclic hydrocarbon [cyclopentene, ], such as a 
cyclohexene, a cyclo heptene, and norbornene; Olefin system aromatic hydrocarbon [styrene, ]; 
partial saturation imide, such as alpha methyl styrene and a stilbene [maleimide] etc.; a halogen 
content monomer [a vinyl chloride, a vinylidene chloride, vinylidene fluoride, hexafluoropropylene], 
etc. is mentioned. 

[0062] When it illustrates about said epoxy monomer, glycidylethers {bisphenol A diglycidyl ether, 
Bisphenol F diglycidyl ether, bromination bisphenol A diglycidyl ether, }, such as phenol novolak 
glycidyl ether and cresol novolak glycidyl ether, Glycidyl ester {hexahydrophthalic acid glycidyl 
ester, }, glycidyl amines {triglycidyl isocyanurate, such as dimer acid glycidyl ester, }, such as a 
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tetraglycidyl ether diamino phenylmethane, and a line — aliphatic series epoxide {epoxidation 
polybutadiene — }, such as epoxidized soybean oil, and alicycle group epoxide {3,4-epoxy-6- 
methylcyclohexylmethyl carboxylate, 3, and 4 epoxycyclohexylmethyl carboxylate} etc. are 
mentioned. They can be used for these epoxy resins, being able to add and stiffen independent 
or a curing agent. 

[0063] As an example of said curing agent, aliphatic series polyamine (diethylenetriamine, }, such 
as -2, 4 and 8, and triethylenetetramine, 3, and 9-(3~aminopropyl) oxaspiro [ 10-TETORO ] [5, 5] 
undecane, Aromatic series polyamine {meta-xylene diamine, a diamino phenylmethane], etc. 
Polyamides {dimer acid polyamide etc. acid-anhydrides} {phthalic anhydride, Tetrahydro methyl 
phthalic anhydride, hexahydro phthalic anhydride, trimellitic anhydride, Anhydrous methyl 
NAJIKKU acid}, phenols {a phenol novolak} etc., The poly mercaptan [polysulfidej etc., tertiary 
amines {a tris (dimethyl aminomethyl) phenol, 2-ethyl-4-methylimidazole}, etc., a Lewis acid 
complex {a boron trifluoride, an ethylamine complex}, etc., etc. are mentioned. 
[0064] When it illustrates about the monomer which has said isocyanate radical, toluene 
diisocyanate, Diphenylmethane diisocyanate, 1, 6-hexamethylene diisocyanate, 2, 2, 4(2, 2, 4)- 
TORIMECHIRU-hexamethylene diisocyanate, p-phenylene diisocyanate, 4, and 4 -dicyclohexyl 
methane diisocyanate, 3, 3 '- dimethyl diphenyl 4 and 4'-diisocyanate, dianisidine diisocyanate, 
Meta xylene diisocyanate, trimethyl xylene diisocyanate, isophorone diisocyanate, 1, 5~ 
naphthalene diisocyanate, trans-1, 4-cyclohexyl diisocyanate, lysine diisocyanate, etc. are 
mentioned. 

[0065] In constructing a bridge in the monomer which has said isocyanate radical Polyol and 
polyamine [2 organic-functions compound [water, Ethylene glycol, propylene glycol, a diethylene 
glycol, }, such as dipropylene glycol, a 3 organic-functions compound {glycerol, trimethylol 
propane, }, such as 1,2, 6-hexane triol, and triethanolamine, 4 organic-functions compound 
{pentaerythritol, Ethylenediamine, tolylenediamine, diphenylmethane diamine, }, such as a tetra- 
methylol cyclohexane and methyl glucoside, 5 organic-functions compound {2, 2 and 6, 6-tetrakis 
(hydroxymethyl) cyclohexanol, }, such as diethylenetriamine, a 6 organic-functions compound 
{sorbitol, a mannitol, }, such as dulcitol, 8 organic-functions compound {sault cloth etc.]}, and 
polyether polyols {said polyol or the propylene oxide of polyamine, and/or an ethyleneoxide 
addition product} The polyester polyol [aforementioned polyol and a polybasic acid {adipic acid, o 
m — para phthalic acid — a succinic acid — an azelaic acid — a sebacic acid — a ricinoleic 
acid — } — a condensate — poly — a caprolactone — polyol — { — Pori — epsilon - a 
caprolactone — etc. — } — hydroxycarboxylic acid — a polycondensation — an object — etc. - 
-] — etc. — active hydrogen — having — a compound — it can use together . 
[0066] A catalyst can be used together in said crosslinking reaction. When it illustrates about 
said catalyst, organotin compounds and trialkylphosphine Amines [monoamine {N and N-dimethyl 
cyclohexylamine, }, such as triethylamine, and annular monoamines {a pyridine, N-methyl 
morpholine}, etc. Diamine {N, N, 1ST. N'-tetramethylethylenediamine, }, such as N, N, NT, N- 
tetramethyl 1, and 3-butanediamine, and triamine {N, N, N\ N -pentamethyl diethylenetriamine}, 
etc. Hexamines {N, N, and N'N'-tetrapod (3-dimethylaminopropyl)-methane diamine} etc. Those 
salts, such as annular polyamine {diazabicyclo octane (DABCO), N, and N'-dimethyl piperazine, 1, 
2-dimethyl imidazole, 1, and 8-diazabicyclo (5, 4, 0) undecene -7 (DBU)} etc., etc. are mentioned. 

[0067] After carrying out the laminating of the front stirrup to which the lithium secondary 
battery concerning this invention carries out the laminating of for example, the separator for 
lithium secondary batteries, a positive electrode, and the negative electrode for an electrolyte, it 
is poured in, and finally it is suitably produced by closing by the sheathing material. Moreover, as 
for an electrolyte, in the lithium secondary battery which comes to wind the generation-of- 
electrical-energy element with which the laminating of a positive electrode and the negative 
electrode was carried out through the separator for lithium secondary batteries, it is desirable to 
pour in a generation-of-electrical-energy element before and after said winding. As a pouring-in 
method, it is possible to pour in by ordinary pressure, and the vacuum impregnation approach 
and the pressurization sinking-in approach are also usable. 

[0068] As an ingredient of the sheathing object of a lithium secondary battery, the iron which 
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carried out nickel plating, stainless steel and aluminum, a metal resin complex film, etc. are 
mentioned as an example. For example, the metal resin complex film of a configuration of having 
put the metallic foil with the resin film is desirable. Although it will not be limited if it is foils 
without a pinhole, such as aluminum, iron, nickel, copper, stainless steel, titanium, gold, and silver, 
as an example of said metallic foil, desirable lightweight and cheap aluminium foil is desirable. 
Moreover, considering the resin film which the polyethylene terephthalate film, the nylon film, etc. 
thrust and was excellent in reinforcement as a resin film by the side of the cell exterior as a 
resin film by the side of the interior of a cell, thermal melting arrival, such as a polyethylene film 
and a nylon film, is possible, and the film which has solvent resistance is desirable. 
[0069] It is not limited especially about the configuration of a lithium secondary battery, and the 
coin cell which has the separator of a positive electrode, a negative electrode and a monolayer, 
or a double layer, a carbon button cell, the cylindrical cell which has the separator of the shape 
of a positive electrode, a negative electrode, and a roll further, a square shape cell, a flat mold 
cell, etc. are mentioned as an example. 
[0070] 

[Example] This invention is not limited by the following publications although this invention is 
further explained below at a detail based on an example. 
[0071] (Example 1) The reaction vessel used for production this example of 
Li1.0Mn0.33nickel0.33Co 0.33O2 is the thing of the cylindrical shape which equipped the upper 
part with the overflow pipe for always discharging a reactive crystallization object slurry out of a 
system with constant flow, and the volume is 15L Water was 13L Put into this reaction vessel, 
and the sodium-hydroxide water solution was added 32% so that it might be further set to 
pH=1 1.6. It stirred by 1350rpm using the agitator equipped with the 70mmphi paddle type 
impeller, and the solution temperature in a reaction vessel was kept at 50 degrees C at the 
heater. Mixed the 1.7 mol/L nickel-sulfate water solution, the 1.1 mol/L manganese-sulfate 
water solution, and the 4wt% hydrazine water solution at a rate of 1 1:1 7:0.36 (L) by the volume 
ratio, respectively, and it was made to dissolve in this mixed liquor 4.92kg of crystals of cobalt 
sulfate 6 monohydrate, and considered as the raw material solution of nickel/Mn/Co=3/3/3 
(mole ratio). 13 mL/min and 6 mol/L ammonium-sulfate water solution were continuously 
dropped for this raw material solution at the reaction vessel by the flow rate of 0.9 mL/min. 
Moreover, the sodium-hydroxide water solution was intermittently thrown in 32% so that pH of 
the solution in a reaction vessel might become fixed with 1 1.3. Moreover, it controlled by the 
heater intermittently so that the solution temperature in a reaction vessel became fixed with 50 
degrees C. 120 hours after starting the injection of a raw material solution, the slurry of the 
nickel-Mn-Co multiple oxide which is a reactive crystallization object (coprecipitate) was 
continuously extracted from the overflow pipe for 24 hours. The extracted slurry was rinsed and 
filtered. This. was dried at 100 degrees C for 20 hours, and the desiccation powder of a nickel- 
Mn-Co multiple oxide was obtained. 

[0072] Weighing capacity of the nickel-Mn-Co multiple oxide powder and lithium-hydroxide 
monohydrate powder which were obtained was carried out so that it might be set to Li/ 
(nickel+Mn+Co) =1.02, and it fully mixed. ****** made from an alumina was filled up with this, 
and using the electric furnace, it held at a temperature up and 1000 degrees C to 1000 degrees 
C in 100 degrees C /under oxygen gas circulation for 15 hours in an hour, and it cooled to 600 
degrees C in 100 degrees C /in an hour, and cooled radiationally after that. X-ray diffraction 
analysis showed that a Li-nickel-Mn-Co multiple oxide was a single phase which has alpha- 
NaFeO 2 structure. By ICP AEM, the presentation of a Li-nickel-Mn-Co multiple oxide was 
searched for with Li1.0Mn0.33nickel0.33Co 0.33O2. Gestalt observation by the scanning electron 
microscope (SEM) was performed. Although the photograph of 5,000 scale factors is shown in 
drawing 1 , the secondary particle which a primary particle with a uniform square consists of by 
condensing is accepted. When the average of a primary particle diameter was computed by 
having carried out solid sphere approximation of the primary particle of 100 points of arbitration, 
it asked with 1.1 micrometers. It asked with 0.6m2/g as a result of the BET specific surface area 
measurement by N2 adsorption. 

[0073] (Example 2) The positive active material of the presentation which is mixed so that it may 
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become the element ratio of Li:Mn:nickel:Co=3.06:1:1 :1 about Mn-nickel-Co multiple oxide 
powder and UOH-H20, and is shown by Li1 .0Mn0.33nickel0.33Co 0.33O2 like an example 1 
except heat-treating at 950 degrees C under circulation of oxygen gas for 15 hours was 
produced like the example 1. The average diameter of the primary particle computed by SEM 
analysis was called for with 0.92 micrometers. It asked with 0.65m2/g as a result of the BET 
specific surface area measurement by N2 adsorption. 

[0074] (Example 3) The positive active material of the presentation which is mixed so that it may 
become the element ratio of Li:Mn:nickel:Co=3.06:1 :1 :1 about Mn-nickel-Co multiple oxide 
powder and UOH-H20, and is shown by Li1 .OMnO.33nickelO.33Co 0.33O2 like an example 1 
except heat-treating at 1050 degrees C under circulation of oxygen gas for 15 hours was 
produced like the example 1. The average diameter of the primary particle computed by SEM 
analysis was called for with 1.38 micrometers. It asked with 1.1m2/g as a result of the BET 
specific surface area measurement by N2 adsorption. 

[0075] (Example 4) The positive active material of the presentation which is mixed so that it may 
become the element ratio of Li:Mn:nickel:Co=3.06:1 :1 :1 about Mn-nickel-Co multiple oxide 
powder and LiOH-H20, and is shown by Li1.OMnO.33nickelO.33Co 0.33O2 like an example 1 
except heat-treating at 900 degrees C under circulation of oxygen gas for 1 5 hours was 
produced like the example 1. The average diameter of the primary particle computed by SEM 
analysis was called for with 0.76 micrometers. It asked with 0.7m2/g as a result of the BET 
specific surface area measurement by N2 adsorption. 

[0076] (Example 5) The positive active material of the presentation which is mixed so that it may 
become the element ratio of Li:Mn:nickel:Co=3.06:1 :1 :1 about Mn-nickel-Co multiple oxide 
powder and LiOH-H20, and is shown by Li1.OMnO.33nickelO.33Co 0.33O2 like an example 1 
except heat-treating at 850 degrees C under circulation of oxygen gas for 15 hours was 
produced like the example 1. As shown in the SEM photograph ( drawing 2 ) of 5,000 scale 
factors, development of a particle was imperfect a little as compared with drawing 1 . As a result 
of carrying out 1 00 point sampling of the primary particle of arbitration and computing the mean 
particle diameter of a primary particle, it asked with 0.64 micrometers. It asked with 0.75m2/g as 
a result of the BET specific surface area measurement by N2 adsorption. 
[0077] (Example 1 of a comparison) The positive active material of the presentation which is 
mixed so that it may become the element ratio of Li:Mn:nickel:Co=3.30:1 :1 :1 about a Mn-nickel- 
Co precursor and UOH-H20, and is shown by Li1.0Mn0.33nickel0.33Co 0.33O2 like an example 1 
except heat-treating at 1 100 degrees C under circulation of oxygen gas for 15 hours was 
produced like the example 1. The average diameter of the primary particle computed by SEM 
analysis was called for with 3.2 micrometers. It asked with 0.1m2/g as a result of the BET 
specific surface area measurement by N2 adsorption. 

[0078] (Example 2 of a comparison) The positive active material of the presentation which is 
mixed so that it may become the element ratio of Li:Mn:nickel:Co=3.1 5:1 :1 :1 about a Mn-nickel- 
Co precursor and UOH-H20, and is shown by Li1 .0Mn0.33nickel0.33Co 0.33O2 like an example 1 
except heat-treating at 1050 degrees C under circulation of oxygen gas for 45 hours was 
produced like the example 1. As shown in the SEM photograph ( drawing 3_ ) of 5,000 scale 
factors, the primary particle of the square indeterminate form was accepted. As a result of 
carrying out 100 point sampling of the primary particle of arbitration and computing the mean 
particle diameter of a primary particle, it asked with 2.6 micrometers. It asked with 0.1m2/g as a 
result of the BET specific surface area measurement by N2 adsorption. 

[0079] (3 yuan state diagram of LiNiO.33MnO.33Co 0.33O2) LiNi0.33Mn0.33Co 0.33O2 used as 
positive active material In an empirical formula LixMnaNibCoc02, since it is = (a, b, c) (33 0. 33 0. 
0.33) As shown in the 3 yuan state diagram of drawing 5 , it turns out that (a, b, c) exist in the 
interior of the square ABCD which makes Point A (5 0. 5 0. 0), Point B (55 0. 45 0. 0), Point C 
(35 0. 25 0. 0.4), and Point D (3 0. 3 0. 0.4) top-most vertices. 

[0080] (Production of a lithium secondary battery) Li1.OMnO.33nickelO.33Co 0.33O2 which is 
positive active material and which was compounded as mentioned above, and the polyvinylidene 
fluoride (PVdF) which is the acetylene black and the binder which are an electric conduction 
agent were mixed at a rate of the weight ratio 85:10:5, and the N-methyl-2-pyrrolidone (NMP) 
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was added, it kneaded enough, and the positive-electrode paste was obtained. After having 
applied said positive-electrode paste to one field on an aluminium foil charge collector with a 
thickness of 20 micrometers, applying like the field of another side after air drying in about 25- 
degree C ordinary temperature and drying at 130 degrees C under reduced pressure for 12 
hours, press working of sheet metal was carried out, and it judged to the discoid of 2 1cm, and 
considered as the positive electrode. 

[0081] The artificial graphite (magnitude (Lc)55nm of the microcrystal of the mean particle 
diameter of 6 micrometers, 0.337nm (d002) of spacings by the X-ray diffraction method, and the 
direction of a c-axis) and polyvinylidene fluoride (PVdF) which are a negative-electrode 
ingredient were mixed at a rate of the weight ratio 95:5, and the N-methyl-2-pyrrolidone (NMP) 
was added, it kneaded enough, and the negative-electrode paste was obtained. Next, after having 
applied said negative-electrode paste to one field of electrolytic copper foil with a copper foil 
charge collector with a thickness of 15 micrometers top thickness of 12 micrometers, applying 
like the field of another side after air drying in about 25-degree C ordinary temperature and 
drying at 130 degrees C under reduced pressure for 12 hours, press working of sheet metal was 
carried out, and it judged to the discoid of 2 1cm, and considered as the negative electrode. 
LiPF6 which is a fluorine-containing electrolyte salt was dissolved in the mixed solvent which 
mixed ethylene carbonate and diethyl carbonate at a rate of a volume ratio 1:1 by the 
concentration of 1 mol/l, and nonaqueous electrolyte was created. The moisture content in said 
electrolyte was set to less than 20 ppm. 

[0082] The dew-point produced the coin mold lithium secondary battery of examples 1-5 and 
the examples 1-2 of a comparison under the desiccation ambient atmosphere -50 degrees C or 
less using the member mentioned above. The positive electrode was stuck by pressure and used 
for the positive-electrode can to which the positive-electrode charge collector was attached. 
The negative electrode was stuck by pressure and used for the negative-electrode can to which 
the negative-electrode charge collector was attached. The coin mold lithium secondary battery 
has composition carried out in the lid with the coin cell lid 5, after a positive electrode 1 and a 
negative electrode 2 are held through a separator 3 into the coin cell battery case 4, as shown in 
the sectional view of drawing 4 , and more specifically between the coin cell battery case 4 and 
the coin cell lid 5, the resin packing 8 is inserted. Here, the positive electrode 1 is held so that it 
may be stuck to the positive-electrode charge collector 6 formed inside the coin cell battery 
case 4 by pressure. Moreover, the negative electrode 2 is held so that it may be stuck to the 
negative-electrode charge collector 7 formed inside the coin cell lid 5 by pressure. The fine 
porosity film made from polypropylene was used for the separator 3. The coin mold lithium cell 
with a diameter [ of 20mm ] and a thickness of 1.6mm was produced using the above-mentioned 
positive electrode 1, a negative electrode 2, a separator 3, and nonaqueous electrolyte. 
[0083] (Cell characteristic test) Six coin mold lithium secondary batteries of examples 1-5 and 
the examples 1-2 of a comparison are produced respectively, and it is 10 cycle ****** about 
initial charge and discharge. Making the charge conditions at this time into current 0.1 ItA (rate of 
10 time amount), and the constant current constant-potential charge of 4.2V, discharge 
conditions made current 0.1 ItA (rate of 10 time amount), and a termination electrical potential 
difference the constant-current discharge of 3.0V. The average of the discharge capacity of 10 
cycle eye was made into discharge capacity. Then, the cycle trial was performed. Making the 
charge conditions of this cycle trial into 1.0ItA (rate of 1 time amount), and the constant current 
constant-potential charge of 4.2V, discharge conditions made current 1.0ItA (rate of 1 time 
amount), and a termination electrical potential difference the constant-current discharge of 3.0V. 
The average of the discharge capacity after 30 cycles in six cells estimated the cycle engine 
performance. The result of a cell characteristic test is shown in Table 1. 
[0084] 
[Table 1] 
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[0085] As shown in Table 1, the cell using the positive active material of examples 1-3 with 
which the average diameter and specific surface area of a primary particle of a multiple oxide 
were made into within the limits specified to this invention showed the very good cell engine 
performance. That is, the good cycle engine performance until discharge capacity is very as high 
as 160 or more mAh/g, and discharge capacity does not fall at all after 30 cycle ****** and it is 
hard being said to a further very surprising thing that repeat charge and discharge are believed 
was checked. 

[0086] Moreover, although the average diameter and specific surface area of a primary particle 
were within the limits specified to this invention and the cell using the positive active material of 
examples 4 and 5 excelled the comparison cell in the cell engine performance since the heat 
treatment temperature at the time of production of positive active material was less than 950 
degrees C f in the cycle engine performance, it turned out especially that it is less than examples 
1-3. This has high possibility that a certain fault existed in the crystal structure, the crystal 
structure changed with the repeats of charge and discharge, and migration of Li was checked. In 
creation of the multiple oxide which is positive active material, the average diameter of a primary 
particle is 3.0 micrometers or less, and the result of the above example showed that the case 
where a BET specific surface area has a fine-particles property more than 0.2m2/g was 
desirable especially in this invention. 

[0087] Discharge capacity and the cycle engine performance are large, and both the cells of the 
example 1 of a comparison which the average diameter and specific surface area of a primary 
particle of a multiple oxide specify to this invention and which was made out of range, and the 
example 2 of a comparison fell. These particles were ground, and although the cell engine 
performance has improved a little as a result of reducing mean particle diameter by making 
primary particle weight increase, the still low value was shown. From this result since primary 
particle diameter grew, and in addition to the openings in a secondary particle decreasing in 
number, and it becoming impossible to contact the electrolytic solution and a primary particle it 
grew up so that the primary particle exceeded the effective diffusion length of Li, it is presumed 
to be the cause that conductivity fell. 

[0088] In addition, although illustrated about the precipitate production technique by the 
continuous magnetization method in production of a nickel-Mn-Co coprecipitate in this example, 
also when karyogenesis produces in a batch format under the conditions exceeding nuclear 
growth as previous effectiveness also described for example, it is checking that the same 
effectiveness is expectable. Moreover, although only the 0.33OU1 .0Mn0.33nickel0.33Co2 
presentation of Mn:nickel:Co=1 :1 :1 was illustrated in this example, it is checking that the same 
effectiveness is demonstrated also in other presentations. Moreover, although illustrated about 
the carbon button mold cell of a laminating mold, the effectiveness of this invention is not limited 
to a cell configuration, and when the winding type electrode was used [ for example, ] as the 
generation-of-electrical-energy element, or even when a cell configuration is made cylindrical, 
the same result is completely obtained. 
[0089] 
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[Effect of the Invention] According to the positive active material for lithium secondary batteries 
concerning claim 1, it is the positive active material for lithium secondary batteries containing 
the Li-Mn-nickel multiple oxide which uses a lithium (Li), manganese (Mn), and nickel (nickel) as 
a configuration element at least. Since the average diameter of the primary particle of said Li- 
Mn-nickel multiple oxide is 2.0 micrometers or less and an N2-BET specific surface area is more 
than 0.4m2/g It has a high discharge capacity and the positive active material for lithium 
secondary batteries which can produce the lithium secondary battery excellent in the cycle 
engine performance can be offered. 

[0090] According to the positive active material for lithium secondary batteries concerning claim 

2, it is the positive active material for lithium secondary batteries containing the Li-Mn-nickel- 
Co multiple oxide which uses a lithium (Li) f manganese (Mn), nickel (nickel), and cobalt (Co) as a 
configuration element "at least. Since the average diameter of the primary particle of said Li-Mn- 
nickehCo multiple oxide is 3.0 micrometers or less and an N2-BET specific surface area is more 
than 0.2m2/g It has a high discharge capacity and the positive active material for lithium 
secondary batteries which can produce the lithium secondary battery excellent in the cycle 
engine performance can be offered. 

[0091] According to the positive active material for lithium secondary batteries concerning claim 

3, while having the alpha-NaFeO 2 crystal structure, said Li-Mn-nickel multiple oxide or said Li- 
Mn-nickel-Co multiple oxide Empirical formula LixMnaNibCoc02 (however, a, b, and c) It is the 
value of range which exists in the interior of the square ABCD with which (a, b, c) make Point A 
(5 0. 5 0. 0), Point B (55 0. 45 0. 0), Point C (35 0. 25 0. 0.4), and Point D (3 0. 3 0. 0.4) top-most 
vertices on a 3 yuan state diagram. 0.95 <=x/(a+b+c) <=1.30 — it is — since it is expressed, 
especially, it has a high discharge capacity and the positive active material for lithium secondary 
batteries which can produce the lithium secondary battery excellent in the cycle engine 
performance can be offered. 

[0092] Since it has the positive electrode containing the positive active material for lithium 
secondary batteries concerning this invention, a negative electrode containing the negative- 
electrode ingredient which can occlusion emit a lithium ion, and a nonaqueous electrolyte 
according to the lithium secondary battery concerning claim 4, it has a high discharge capacity 
and the lithium secondary battery excellent in the cycle engine performance can be offered. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] It is a photograph by the scanning electron microscope (SEM) of the multiple oxide 
which is the positive active material of an example 1 (x5000). 

[Drawing 2] It is a photograph by the scanning electron microscope (SEM) of the multiple oxide 
which is the positive active material of an example 5 (x5000). 

[D rawin g 3] It is a photograph by the scanning electron microscope (SEM) of the multiple oxide 
which is the positive active material of the example 2 of a comparison (x5000). 
[Drawing 4] It is the sectional view of the coin cell of an example. 

[Drawing 5] It is a 3 yuan state diagram explaining the positive active material of an example. 
[Description of Notations] 

1 Positive Electrode 

2 Negative Electrode 

3 Separator 

4 Coin Cell Battery Case 

5 Coin Cell Lid 

6 Positive-Electrode Charge Collector 

7 Negative-Electrode Charge Collector 

8 Resin Packing 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
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1This document has been translated by computer. So the translation may not reflect the original 
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3.1n the drawings, any words are not translated. 
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[Drawing 1] 




[Drawing 4 ] 




[ Drawin g 5] 
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[Drawing 2] 
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PROBLEM TO BE SOLVED: To provide a positive 
electrode active material for use in a lithium secondary 
battery that can produce the lithium secondary battery 
having high discharge capacity and superior cycle 



performance, and to provide the lithium secondary battery 
having high discharge capacity and superior cycle 
performance. SOLUTION: This positive electrode active 
material for use in the lithium secondary battery contains a 
Li-Mn-Ni composite oxide characterized in that a mean 
diameter of primary particles of the Li-Mn-Ni composite 
oxide is 2.0 &mu m or less and N2 -BET specific surface 
area is 0.4 m<2> /g or more. Then, the positive electrode 
active material for use in the lithium secondary battery 
contains a Li-Mn-Ni-Co composite oxide characterized in 
that a mean diameter of primary particles of the Li-Mn-Ni- 
Co composite oxide is 3.0 &mu m or less and N2 -BET 
specific surface area is 0.2 m<2> /g or more. 
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Lithium Nickel Oxides. J. Solid Sate Chera. 110(2), 

1994, 216-225. lz£tll,£. RfHzM^h N i (H)ttS: 
6 0 0'CW±OB?*#ffl^,T-C-N i (IIOtcBMfcStf* 
»ST, LifrLi 2 O«^jnBTB0tf-& Z£lZ£& 
tZtiX^h. Wh. Z.V>£o%X&Ltz*r4 htcNi 
hh V >Ji L i *qFfflfl!Jt=t£IW4 fcA. Li »ift*<Ra* 

[000 5 ] i*tS-JB*f *^at LT. LiNiO; 

TV^^„ «ilf , *II^5 6 2 6 6 3 5^111 
(1 9 9 7) L i -M n - N i -OjcS^^^ 

* S t\X I ^ . 4 7t*ffiHf if 9 6 0 4 0 0 9 

0-9B^ffl» (2000) aMtgg¥8 - 213015f 
^IStCfi, L i -Mn-N i -Co-07uS^^^S 

miwrn^ztix^z. ztitzmmmte. ^^■ri^t>s 

[0006] ^7t. ^¥8-1 7191 O-^&mz 
(i. Ni<?5-»S:MnK:l||gt|l»-r4)ti6tC8 0 0X: 

tUKOjeja-c^^s t . ^ b h b4>t'l i ^A&^t-f 

KCN i-^Mn^AOi^TLiVV ^ B e B 1S3tA^T 

$ixTU^. I^ISfliLiNii.aMna 
O 2 T'«$ill.ac7)fi5-0. 0 5 — 0. 3 0 2: U 6 0 

o'c-8oo'cvmf$.-f&ztx\ fflmzm&Lx^ 

h. LfrLKWh. Zcr)fti£lZj:-iXl>. L i N i 0 2 
[0007] 

izm*-x%zi\tzi>cr>x'fo>) . ^<7)@w(i. sevijwts 
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[0008] 

n&m . i aaa^p w^aa t n 2 - b e massst t 
^f^^Hrtt sfifcii'&iMBHife'Mr-r* 'J f-^Az 

[0009] It^iM 1 left* U f-9 AZaflEftffliEttJS 
toWi. 4«5r< k t U ■f _T ^A ( L i ) 4: ( M 

n ) t-'vW (N i ) k Zffif$.7tmti-&L i -Mn 

ft«t*& ->T , Bute L i - M n - N i «£BMfc1*«> 1 & 

mT<7>¥&)W.m i 2. ovmaTTf)*)* *o, n 2 - 

BETMifA ! 0. 4m 2 /gliLLT-£>S.r k 
'J ?• ? AZiXWlfiffllEBESftK -f •& - k #T # & . 

[ooio] 2 tf^s u - tt.nmmjE&m 

«flt(i. 'J?tc<ki>V^M, (Li ) b-?>tf> (M 
n ) k--y *JV{ N i ) k nrtfr V (Co) k SrffifiSot; 
Stk-f&Li -Mn-N i -Co«-&K-fkJ*Sr*«-f4 
Uf-»>AZ<WKftffljE®S«l*-C*-J-C. MEL i -M 
n - N i -C oateBHfctttf) 1 MWf^iws . 
0/zmJaTT*9. AO, N 2 -BETJtHffi»a*0. 

muz u rtA-xim&ftt&ti&v 1"7j>-<xvm 
ffliE@«%»t -r & -r t a ? t >* a . 

[001 1 ] C«4 U f-^AZtfflEftffljEfiiS 

*MT«. h?ISL i — M n — N i «#BMfc8j*fcJiWSeL 

i -M n -N i - C o &&ffl.iWW. a - N a F e 0 2 
ttft«S£*r*-4kkfcK. fflfiR5!:Li x Mn,Ni b C 
o c 0 2 (fIL, a. b. c«. =3c«»BLhfc:i3V^T. 

(a. b, c) #j5A (0. 5. 0. 5'. 0) k£B 

(0. 45. 0. 5 5. 0) kj&C (0. 2 5.0. 3 
5, 0. 4) fc.6D (0. 3. 0. 3. 0. 4) k £H 
EMJBABC D<0rtatfftt"f 4 J: 3 &ffifflc7) 
ffiTAO. 0. 95Sx/(a + b + c)Sl. 30T 

-#fo»fc-f-i>Ck#-C£l>. 

[0012] »«II4 Cffi* U *">AZ<X*if!ltt. *S6 



fc. U-f^A-f^ySrifijBElRajnrigillStJJpJSr^-r 

4 asst. ^**«w«k*#tso"c, ftvismji 

[00 13] 

OTttSr^. *HB^ttS6yf-^AZ»cWft (JilT, # 
. (c- fc (, o o ) ii s 'Jtt M.-iXVMmJEMftW) 

fifKt^WL, HRWWi. IESkftttk<oB]fc:. -fe^ 

[0014] 9ff. *^BJt3i3V^T. IE«6?:^JS-r4^ 
-«0iE®S!fe«(±, / > ; &< tit 'J f-^A ( L i ) k 
>5> (Mn ) t- vinu (N i ) k^«^7C*k^ri>L 

i - M n - N i a^BMt«J^**-f * U f-f A-»:«« 
fflIEffivSft«rJ>-5T. MIS Li -Mn-N i a^BMh 
Hl01%tt7^P«inCSA t 2. OumaTX't)*). *» 

0, N 2 -BETi:b*BS« (KIT, #»Cjfc*iE»k iV> 
a)* { 0. 4m J /gtLkT'*>SikS-^kLT^ 
4. L i -M n -N i -Cog^I«<0 1 ^fi^cO^P 
^Iilf5* £ 2. 0umZmz-&t. tt.W£H ( »1M ) 

^/H*tt*0««!«ftt**(ST-t4. i*L«. MIS 
T^KS^' 2 . 0 m JilTT J) S k , mfl¥?l£ k J£ < JfSi 
-ri,^k* i T^. *<0»*. WV^«lt»tt&iiJft-C&6 

P^:CU|f?gA<ii3g L£< < , Li ^te^S, h v ^iitfe 

[00 15] $f£L<li. fW, 2. Ojumtl 
T, J: OSf i L<fil . SAtmUIT, ftfc»4L<« 

1. OjumttTTftD. 0. 2^mULkT'fcSk, ^« 

•g.ko3.i^*^$fSLV^„ ^7t. Jt«ffia*<0. 4 m' 
/ s X 0 /Jn $ v % t , lEffiig fl!H<!0»**««(»» k ftftft L 

< < 4 o . 9 iv^m^mmm^T-r hzt 

k*4.»4L<»i. tbSffi^i, 0. 4mVg« 
±. J:0i?4L<fiO. 6m2/giy±T'$)0. 4. 0 
m ! /g WTT'$> 4 c7)*\ 3tmB#0^»c7)S*^5614* J 
^< . 4fe A^^SS-f^H^ h k Sfrhftt L 

[0016] jE^^tgfiJt^ram 
~<0jEftSftK(i. ^ >: 3:< k t U f->A (Li > t~?y 
ijy (Mn) t-7^;l (N i ) t3A'^h (Co) k 
*®$atmt-fhL i -Mn-N i-Coa-&ffiKt«!lS: 
^■fS 'J AZ&IEISffllffifHWrt* T , will 
Li-Mn-Ni-Co 1S^&$-ft:%<7) 1 ^fi^ <T)^m. 
g**3. O^mWTt^l * j O. N 2 — B E TJrfcSsDB 
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ffltfO. 2m*/gl:±kX'*>&ZbZmftbLX^Z. 
Li-Mn-Ni-C oflteigMfcttO 1 <J:Sf(0f%I 
g**3. 0Acmr^^.l»t. »W$tt (stm^a) t-t 

OjumiHTCbifc. ttft?&i:/£<«M-f4 

*f LT , ¥%B»' 3. 0 ;u m S t . m^lBIKt 
Ll/Z< < . Li <Di£ii£> * t >{iffi^H5& 

[00 17]4f*L<!i. WISH 3. O^mJil 
T. ct 9*?4L<«1 . 5/imJaT. «t**u<« 
1 . 0 miilTT'J) 9, 0 . 5 ju mfiLLT* S fc , 3flt 

/ g <t o *s t , wf-immmct 4 z t iz x -> tie 

ttfil»<OlK6ttg|*»ffl5T-f 4 Zbbtzh. #F4 L<(i, 
Jfc*iBflKi, 0. 2m»/gfith, J:Dif4L<{i0. 
5m2/gJil±T*0. 1. 5m2/g&TT-$>4i:. 5fc 

[0018] *«^<0»-&i^*-oiEflia«rtt*«BK 

-rsa^-Kfisftui. i zwtt&ztm-th 

fiHSr^TLTV^f ±v^ % ,Iil£> 1 &fiW£gt<8m 
mT*i<WiL<. J:0Sf4t<«d8x<m~l 2// 

[0019] *»9iWlB-&l^Z«0jEfi«tt«£flMc 
-f&ateBKKWi. «-NaFe0 2 ^ B B B ^JS^W-ri» 
ifcUc. Hfifc^L i.Mn.N i b Co c Oj (ML. 
a. b, cti. H7cim[l±(c;fc^T. (a, b, c) 
(0. 5, 0. 5 , 0 > fc£B ( 0 . 45. 0. 
5 5.0) b*C (0. 25. 0. 35. 0. 4 ) fc jft 
D(0.3.0. 3. 0.4) fcSrlE^t-f-SEg^A 
BCD^gJ3iC^-f^,i:o^igHofflf ^ , 9. 0. 9 
5gx/(a + b + c) gl. 3 0T$>4) T"*£il-& 
«#»fcBrC*4 *>##4 L < . .lixfc: J: 0 . 4#tc, iS 

««fiS-ffKTt*. ffi. ±I2fflji!i5ttCfclvc. a, b£ 

if c oiiii. «yaatt<o«^fttz*4 it & *h.?tunm 

[0020] ifefflj^tefcUT . a3&f±ieffiffl*»<a^ 
il4*g£. ^&i^MnOSAWi4*I-£-lC<i, femS 



i <0fi#*Mx4i§£t;:Ji s £*tf^iS1Wto»gcJgttfc: 
£4. ifctt. V4 9ivft&\zh%h, &vi3nHtf£ 

tsfaiw**. 4fc, ±ieffl^j^tfc^T. c*<±ie 
w, %n^<nmw&<nmtizmz2;h b^o ras*** t 

4tf|fiM*&4. JbiBJBSsWcfcive, Li^ 

^SfMJS^-T-S. L i Oftr^-T4 r x / ( a + b 
. +c) J -#i=ffiigHa»£*M'i.4*&. IWSitlM? 

;W4fii b \zwm*wi£t b^o fs\m&£. t h vmtfh 
4. 

[002 1 ] *w%coiEmmm$. xmffimzm®. 
■thw.-£mttw±mzim i tzm&Rx/itmm*ii 

[0022] *&,mz&&m-Rr/m-&jEmtemm 

ti. •e^il. fc*,L i^Mn^kN i 

^***"T4 L i - M n - N i ^S!^BUlEftj , 

r ^- ; 5:< ttLi j£ftb Mn^t Ni*#i;C 
tSr*W-T4L i -Mn-Ni -CoK^UHbHrtlB 
*j 9 0 0*Clil±-C«LTf#4O*W4 U\ ^ 
^iSJKJi, 9 0 0'C~ 1 1 0 OVtfmzjfrt L< . 9 5 
o-c-i 0 5 0m 0*>(t»4 

[002 3] ®.mg>g.&9 0 0Xl£T®& b . lf>f^;u 
14fg* i "(RT-r4i;U3PcnjgAiit^^. 

■ti&tftcom&mimtf&htiiz < v ^ i; nmLtnf&i 
m*. mwismmmz * ^x-mm&ntfteT-tz t 

5Pl)H*^t Ji M-v\ dit(±. 1 1 o o°cz±m&t . 
i &eM*®jg#tf jd l ; mmm&n? *** 

& < * O-T ?"4 i tCjeSLTVi4^ -eiitcJP^T . 

wmc l i ^ma*^± lx , m&mzT-£%.b% o 

T^^4^i: tJEHT'(±^^35»^#i.^ix4. 

9 5 0rKl±T'fc4C tCJ:^t. KV^feHSfi 

£«-u ■y-'f ? )u&.mt,z®.ixtz >j f)A3fij^ 

T-S4. 

[0024 ] Li -Mn-N i - C ott^BHUMIKfic 

. a — N a F e O z ^fltit^'f^^tS' 
■fitOT'^) 0 . i«Offl«6S«7 0 0'CT't»5E^C^-r 
StW. $4>fc:iR^9 5 0'CW±i:^oi«^?SJKT-» 

[0025] jRfiE^IBIti. 3»*ra-5 OB^ra^'Jf 4 L 

l icommzji^xmvmzmmiiiiZizg&m 
mb%&. mfc&Tm* 3 mm* d ^ ^ ^ . ^ B B a <7)^t 

< . < 4 ffifpj t =5: 4 . 

[0026] JSLht. iS^SSt Mm^lStcooTff 4 

W££gfcJ:yN 2 -BETitf|flS*gA<. **qBT« 
JE-f4e(l t =2:4 J: ') (CjISiStK $ii4 . 
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[0027] Li-Mn-Ni If itrigftftfylEftk LT 
»4. r L i {k&fa k M n It^mt N i {t&hk ■ 
( fia3W£fi£ ) LXftbtl&i&Sfai r M n 

4>ftS Mn-N i ftit^i s L i k T 

i -Mn-Ni -Co®<£®iMm%mt LXli. r L 
i -fb^ftk M n-ffc&ttk N i tt£flfab C ofk^t 

l" M n {t&fok N i C o fk&fo t £&ifc ( 

Wfc«-£> §-£T#£;fil>Mn-N i -CoftMIt, 
L i ft-^ttk £ffl-&$-rc»4>*i4«£'ft J &k£#Hf 

[0 0 28] L Hfc^ftk LTH. *IMfcyf"7.A. & 
K'Jf-^-WSfc. MiWfc#Hjk LTfi. BHfcvytfy. 

&m-?>#y. mt?>#yw&. n i 

ft^ftfcUll *!*{[:-•? tvK tvK SEK 

SHfcnA/PK &S3A^K BMLsArt-K RffinA 
[0029] Mn-Ni SftftcOftSgii . MntNit 

*<j&-tca^$n/2*«b*r*ftc * t < , m n 

-N i -Co*»M«- MntNitCoi*^ 
-£S-&3ixfcSiMtrcaft £ k i>mt Lv\ Mn-N 

i &mticr>im?)—mt:mftLtf. Ni, Mn^Ktt* 

IZktfX-Zh. it:. Mn-N i -Co#ifcBj*5fftK 
{±. Ni, Mn. Co^KttTkSas-^K^hU^AT 
vtP5$Hi--l.^kff®tc^-ri»^k* J t'#&. COBS. 
Km%<plz&mztflX&m&<nTy : £-*7J»4 

mrnkZh. Ttmom&tfgMi-zzoX' 
htm. mmit l < imjtmtm'&&i±$-£& k & 

fm\±*fflmtf±.tz h&.&.'fo kK&tf. m nzkim 

[00 30] *»Hfltffi4iEffi«!HjJjoK3S*^Ji. ffl 

ttf. iMtuzwimiimzmm-rzzkizx^x. ie@ 

l£\ Mn. Ni, Co£Vvffri7KBHfc1S»£*l£-$"4C. 
fctCioT. Mn-N i*WI>V>tiMn-N i -C 
o*ifc«J*fBKU Mn-N iM«4l«Mn-N 
i -C o*?t%k L i -fk-^ftk r?^ • J&«sr4:frj£ 
2r»a[C**f k#T'# £ . Mn-Ni 
ft, Mn-Ni -Co£»^i?ti. 

[00 3 1 ] Ctf>;frJ££>*&, Mn-Ni ftftt^SS 
^•ffiat^M n - N i - C o ftttftO&JgttWC i^T. 



v Wi: & I) . -e^^-tfis £ k £ 1 

^ItNi ft£ttk C o fls^k <o*»i8[ ) OJSAk S 

^^ajKAqsasiasES- Jinife «fc 5 fc&tt-cft® 

[0032] *^ajco u A-iJrtKfiSrfll fiSi-T 6^* 

h^coiS^lgJiXr/l^i ; r - 7>o v 
? Y V . r - Al/o 5 ^ h ylPtOJf-Kxxx/UW : ^'^ 
f-;P*-#^-h, y'xf;W-^-h. xf;Mf 

i-JU. SK^ f-/l^^a«x^-r/l« ; -r h 7 1 
Kn7 7iOUi*tf>«*fr ; 1. S-^'^-y-y. 1, 
A--J**1r-s. 1. 2-^ hdfv-x^y, 1,4- 

7-fe 'J/l^. O-V - h 'J h 'J ; v^" 

vA±.<r>m.£im zmfhzk wx- %h&. znbizmz. 

Zti&i><7)X'lZ%:^. 

[00 3 3 3 mmw&k txn. mm. l i c 1 

0 4 , LiBF,, Li As F 6 , LiPF 6 , L i SC 
N , LiBr, Lil. Li 2 SO,. Li 2 Bi 0 C 
1 10 . NaCIO,, Nal, NaSCN. NaBr, 
KCIO,, KSCN^O'Jf-^A (Li) . 7" hV *7 
A (Na) XtitfV^A (K) <T) 1 SSr^tf*^ * > 

5. L1CF3SO3, LiN (CFjSOj) i, L i N 
(C 2 F 5 SO z ),. LiN (CFjSOj) (C,F 8 SO 

2) . L i C (CF 3 S0 2 ) 3 . LiC (C 2 F S S 
0 2 ) 3 , (CH 3 ),NBF t , (CH 3 ) ( NBr, (C 2 
H 5 >,NC10 4 , (C 2 H S ),NI. (C 3 H 7 ),NB 
r, (n-C f H,),NC10 4 , (n-C 4 H s ) 4 N 
I, (C 2 H 5 ) 4 N-ma 1 e a t e , (C 2 H 5 ) 4 N- 
benzoate. (C 2 H 5 ) 4 N-phtal at 
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www ^-yta^^w^ix. cft^M jr^fltfteUj* 

ft * 2 aaULha-& UTfflV^ 4 i t **TttT 

ft*. 

[00 34] L i BF,J: L i N (C 2 F 5 S 

0 2 ) 2 C7)J; ^tz'-*---? )V*uT)\/*)\>mtt-$ h ^f) 
A i: £• L T ffl V * h £ fc J: 0 . $ <o t=«J» W<?3tt 

[0035] #*ttKKtefcft£tt»*Jfi*3«Kfc LX 

a.m^ ^mmm zn-ti, immnm^m & mm tc ft & 

fci&fc, 0. lmo l/l-5mo 1/1#*P£L<, 
3 4>fc*F4L<*i, 0. 5mo 1/1—2. 5mol/ 
1 Tft*. 

[0036] *56H^'J'f-'>AZ<WKftiOjEflit*i, ± 
[0037] JEmeVZgm&f&ftTab&IEffiSWgb l 

rut, igeu^^fSBBfci&ar^tnitcjpi^ ^o/fe 

14. — &5$L i,MX 2 , L i,MN,X ! (M, Nt4 I ft* 
^Sr^-T. ) TftO. WitfLi, Co,. ,1^,02 . Li 



VO, 



, Nb 2 0 5 , B i 2 0 3 , Sbj 
C r 0 3 . C r 2 0 3 , MoO, 



. MoS,, WO,, 



y Mn 2 .,(ivi x o 4 (m(4. ift^mimo&m (man. 

Li, Ca, Cr, Ni, Fe, Co<Dl a«lil±«7C 

* ) *#wft>tii . 12 y f - •> AswaeteMSHMtoso 
f-^ASrorjse^tfijfflLd *»**swir«rft 0 , #4 

L < fift^^ftO^*^ f,0SyS2TW. ) *^tf fe 
ft.4*>\ C:ftfem£$ft4i<0T-J43:V">. 
[0038)1^:. «t S-^BSfk^^^SiE 

SiStMNc . fflitf) jEffiSttW S: S £ L T ffl n T fc 
4<. flS^iEffiJgfljJttUTti, CuO.Cu 2 O.Ag 2 
O.Cu S,Cu SO 4 ^<0I^a(t^, TiSj, S 
i0 2 , SnO*FOIV8j&flHfc£fo % v 2 o 5 , v 6 o 12 , 

( d 002 ) 
at4^f6]«0^ B B B^<7)^:# $ L a 



Se0 2 !?<7)Vli££E'fb£%. Mn0 2 , Mn,0,«Wl 
Mfc&mt&fa. Fe 2 0 3 , FeO. Fe 3 0 4 , Ni 2 0 
3, NiO. C0O3. Co OIPWVI I Ifls&H-ffc-^fljST 

id. i>\X/P7-f K.tfUto— /kJKUT— 'JV.sKy't 

7-7 x - u y . *- >j r -t f - u > . # y t - t > jR*ms?<o» 
[0039] jEffi?S*Kt LX. *$emtz k&mfen®. 

£IE&yS%«* 1 S*%-5 0S4%. 04 L< 14 5fi 
*%-3 OMMXX'&ZcoftWt H\ 

[0040] ies{±, mm&mtm£mw?iRV%im 
*l $ 6k:«fka6tT 7 -< 7- 1 mi Lxmrn-smt 

XHKmLX 5 0°C~2 5 0 X32&WBl&X\ 2 

[004 1 ] fkWtffAb LXH. V+VJ** *y&ffiiti 
ft 6 ^ttSUW* Z b CDX Z &Bm<7)i><7)X'bi\ti b'tl 

A (y^-^-T/us-^A, y-^-^A-ia, yf-^A 
-7X, 'jm-rypi^w-xx, ijf7A-# 
y ^t/->7 -y K£*MPtf> y f - > . 

ixfe^4'T-t)^'7 7r'f hti, ^Jgy^>>A(c^T3£ 

tf. Aitnis. ?mm%tfit(-£L\,K mz. nmmm 
^mzT^&mmmx'imLxfo ^777011 

[004 2] liTRC ffiSt:fflv»S ( rtOT&4^77 

0. 3 3 3—0. 3 5 0 nm 
2 0 n m fcLL 
2 0 nm tjl± 



4^. 7?7T-i htc. 



2. 0 0-2. 2 5g/cm3 

itm Lx&m£'<Tozbi>s]mx't>&. mz. ^77 
a v^mmt±.ti^mzxr,x^nti>zbx\ mm 



-7X. gf^A-r/t-s-w-^x, 
y>A. a^v K^MAiif 



[0043] iEfisiiiwsffijs-ria^isKtsi^^e 

f±. T^ftW X 1 0 0 ju mJUTT'fc * C t #34 t 
fflv^ixl). m*.K?\M. tf-zl^K ifyKSyk IS 

test, SKfctCsMSCifitTffli^fi*. 
[ 0 0 4 4 ] £LL, I«Stfm«tf)±5««Ji£#T*>£ 

ftXi> 

[0045] mmmt txn. mw&mizB&wz&tt 
z%\,^ z Hmfcmix'*>tLimi£2ti%\ l w, a». 
nmm® mm®, ±ttj*»*> . Ait 

HIS. »-^77?. 7tfl/^/77?. jr-yf- 

[0046] Jlftt^T. SHCMfc LTtt. IKHSi 

0. lfi*%~5 0fi4%#i?4L<* WtcO. 5 US 
%~3 0mJt%J& { »4U*. H(:7-fef^V77 /^2r 
0. 1~0. 5//mOMMS^C^LTffl^l»t^ 

h. 

[0 04 7] mwn&mb Lxa. a*. ^Jfh77 

Wnifi/y (PTFE) , jKU 7 y-(tt'-y-r> 
(PVDF) , ,fyxfi/y, dfjrn tru-^o^'ai 

SSttfflJS. ifi/y-7ot>y-y'i>;-OT-7- 
(EPDM) , X/PtfXfcE PDM. Xfl/W^y'x 

y3'A (SBR) . 7-yS3'AIF<7)3'i>5!1xS:W-f !># 

yv-j i ax<i 2m&±<7)m.£Vi}t txm^&zttf 

LX 1 — 5 0m&%i>mt U < . »fc 2 - 3 0 fift%*< 
[00481 ffietifiiS'Ji: LTli, *;Wf*y^ 
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ttS'Jti . m I tf * f-;Mtf * * u t -ecosigs * &vS $ 

nmwmm&izMLx o . 5-1 0 l< . 

[0049] 7-(7-t LTti. 1Kftttffi<cS»»«:& 

<DUSM.izntxmMM.it 3 OMXJaTtfS* 
[0050] IESav'ft@{i. tfflESIMt. 
itS** 1 ] ^N-^f/l'tn'JHy, h ;Ux ym<7)Hffl%i& 

tn. mmmirmznixte. man* 77^-^ 
muzwtfi-f&zttfmt uv**\ ztihizmfeztiz 

i><r)X'lt%\\ 

[005 1 3 mm&b LTIi. «I?ftfc«SCtii>T 
S ^v^^SMrCfciUf *Dfl*4 1 COX' 
i,J:V\ MiJf, iE®fflA«^t LTti. T;US-*7 
A, f-?>\ Xx^b^lS. -7 7;K MJ*^*. 

<Ib#T#6. ft®ffl*m*tLT(S. ff. -7 7;K 

mm^M-ft?. swtt^x. a 1 -cd^^ife 

[00 5 2] *«*0»*fc:oV^T{i. 7*A)V#.<F> 
ffi. 7-f;UA^. ^7 Kt. TN-yf-xtixdf 

->-5 0 0At^l^7)tc7)* { ffl^^^>fLi). ^il^cO^ttfrcT)"^ 

?s* { , ftffifc LT(i» wjwett. fiomsttcsn. 3c 
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[00 53] -tstU-ftLXte. flHlfcU-MtttS: 

'J f>-Mt7;WD7'D tlx 7-yfct: 
- 'J f>-A , -7;WDb'Z/H-f ^Si^*. 7v 

t - | jf>-fb77^uifi/ y^msfo . 7 -y 

•ffct-y tV- h y 7;^UXfl/y*i^d: < 7 -y-ft 
t'm/T V-7/W3j-nx?-p;yftS-£#. 7 y-ftt'-U 

f>-^-y-7/^n7t h ^1^*. 7-yftt'xy 

fv-xft/yftl^, 7 yftt'-Vy-'y-Ta ev 
7 y-fkt'x 'Jf> - h 'J 7;WD7DhV 
>-SM£-f£ . 7 y-ftf- y T'y-y- b y 7/M-oxf-U- 
V - ""-.3-7-7 /k* a 7°n t U y£S£# . 7 y -ft t 'J 
fy-ifi/y-f h y yju^a^uy^m-^^ir 

[0054] Wls-fi<7>&nMli9tm<nWUlLfrt> 9 8 

[00 55] -fey-*ix-7J2. 1^0:7*7 y a- h 
y;k x.?-uy**i<-b\ y'n\z'U>**ci/h\ *^-)V 
7 7 7*7 y k- K tx/i77*-fe-f- h . t'x/H;*a 'J K 
> . ^'J7 7 -ftt'x y f" U 1 «Sf © t TW 

[00 56] *«B^Mc*»«S:±iEO J: 7 KWR 
[00 57] -fey^-7(i. ±i£L/.*J:3&£ 

ttd? u -?-£$?s l* 7 ^ iv2±*m&. l . B<rie7 

[0058] Mgilfflitt^ 'Jv-t LT(i. #>jy -v 
ffctxy xf-i^y^Jf ^ Kl^xxf/Hf 

ixiQ^mfm (uv) ^v^y. m^st ( e b ) 

X'foh. 

[0059] mstWmmKV 7-tli, 8£*4M£M 

les- txmm-r z z t #-e# & . mvmmmmv 



mt ixu. amy < ?-m mit^m. 

>"7A. Mir?7**i^A&fc'(?)£J1.0t&Jg} . jK'J-7 
—SI ( * U 7 yffct'x U 7 •y-ffct'x y f->/>vJf- 
-7- 7 /M" o 7*0 1" U > ftfi-£* . iKUT^'Jnzh'J 

- - - 5 OM^felT- if £ L-< {±2 0 M%JilTT$) l> . 

[0060] mier? yp-h^yv-cov^r^-r 
■s t . "wtsfeUi^fisfn* 7 v -t>m m izmf *>ix . 
i'jftttWfcML 2fffi(>^) r^yu-h- {x^-u 

? ) 'J U- h , TiSfym ■ : Jtts< 

y^-ivyv y~>wj (*9) T7>ju-h, m. 

■^•Jg 2 JJLh^jK y x^- U >-i?" 3 T9 y 
U— N . M^-JK 2 tLhcO'-K y To bV>?' y 

r^yu-h. --Ky^^i-xf-u^/^y^-^ 

y/Dfl/VM^^y ( ^ ) 7*7 y I — h . 7'^ 

ya-^y o^) r^'JP-bf) . 3W#g (^7) 

T^'JU-h IM;^fD-^ro^h»J (^7) T 

7';u-h. 7'y-fey>-hy (^7) 7*7 y u— 7" 
y-ty ycoji+isyttisFmntonhV (>7) r7 
y k 7' y -fe y >co7"o y YttWtow b 

y (^7) T7yi^-h, 7'y-b'J yox^-b^yTdri^ 

K . y°xj\zvy**is btttmcn b y 7 ) T7 y u 

, 4'WBSLh^)*Wft <^7) 7*7 yu— h 
{•^.y7xy7.y h-yUr (^7) 

y -t y ( * 7 ) 7*7 y u- } *^ff 4> 

[006 1 ] 35167*7 y U- hty7-(:li. ^ttPS 

mvtBmx'imm^yv-zmwthzt^X'Zh. m 

7'J;HS» 7 77y/USf. ?oh>l. JtV^K. fx 
-7\y^ym. 7v-;n§, ^ 
h^nygS. 7-^n>ig. ^fl/>7D>g. 73-7 

hi§^} % ^§siD7>/^>-i§ (x^-uy7.;u^.>'K. r 

7y^T5 K-2-7^/U7'oy^y7:;U*yS?^} X(i 
-eia^tOts (LiS. Nag, Ki=, 7^-7^1. 
T-byTii'^nsTy^-IMsM) . ^7t^iit,c7)^ia 
»a^jff>R£C 1-C 1 8«fl§JK^(SBIfJl^T;P3 
7ML'> (C2-C4) 7''73-/U. tK'JT*^ 
JfU>-(C2—C4)7'y n—iV^X'U^mz^Xy-iV 
itttztcO (^f^lz-F. t7tKo=ifylf^7 

u- k ^rt') . st>'r>*xr. i mxa 2mrz y 
X'®#mzr$. bitlfzi><7) (vn>-ig--ey7*$ K. 

N-7^VU>f >-|§^7T5 H. N, N-y'xf^-7 
MySty7JK^t') . (7 7) 7*7'J/Hgx^x 
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/KC1-C1 8<r>Mm (*<J-)U. xf;k Tat 
/I/. 7"f-/F, 2-X-f-/U^dr>'^ > Z-tTVJVS) 7/F 
3-;Ffc (X?) 7?U;H$fctf0xXT-/k XliT/Mf 
U-y (C2-C4 ) -TVi-lV (lfU>?''Ja-;K 
roti/y/'jn-yk l. 4-y^y^-yi^)S 
t/^'J7Ml/y (C2-C4) ^y:7-/F (dfjlf 

7) 77 <JJUmt^Xy-)U] ■ (7?) T9V/U75. 
F'XteN-ffiH (77) 7?'J^7$K [ (77>-77 
y/F75F\ N-7?-/F (7 7) 77'J/F7S F\ N- 
7?-o— ;u (7 7 ) 77 'J/F7 5 H^] ; t-;HAf 
/FX^y/l^xx-f^F [i£lgt'-,k pRrU/WF] : 
f^x-T/kXtiT y /Fx— f;F [ 7>;F f-ykx- 
x/K F fy/l-T U jux.—^rjum ] : ^tefP- F U /Fft 
£tt [ (77) 77'Jnx F'J/F. 7aFyxFy/F 
*] : ^6S*7*;urj-;U [ (7 7) 7y/F7/F3-rt' 
if] ; T-mmr^y l (77) rvtursy* ^'7-f/F 

7iyxf;K^^)7? y/FF-F, yXfy^Syx 
?^F(7 7) 

[N-t'^foyh'y, fcTxjUfy ;:*F7 

-f yJkMfmmtAm txfuk rohv>, 7>f 

>\ A V7"fl^y. ^f^, (C6-C50) ff-t 

>"t7, i/^o^-fey, ^^o^7°7 L >. 7/u?f"/F;F 

*l-)i>x^-v>, x^iv^>mi ; ^tfifa-f s H [-?F 
S K*] ; ADyyitty?- [t£ttfx/K 

[0062] ijfex*-* y-7-(co^r^j*-ri. 

. 7' y ^ ^'/Fx— fvF« { t'7 7xy -/FA ^'7 y •> 
v7FX— - f/F, t'X7i y— yUFi^'U ^jy/kx— f 

/f. mSttt'x7x7-/UA>'"7y i^px-x/k 7 
x 7-;f7 #5 -v 7 7*y i^'/Fx— fvF. 7 fv-/F7 
y v? 7 v is *j)vn-"fivm i . 7* y -> f-'/fxx t-/u 

-§§7'y -/y;n^f/^) . ^yx^vwrsy^ { f 
y 7'y ^v-'/F-f y s-77 f- h . f- f 7 7y -s&vist 

mmmx.#*-?4 \ 3 . 4x^-6^^^ 

n^*^/l/7^/F#/P;f^F-F-K 3, 4x,-KJf-^i/ 

h. ox^f^ i/fflBgtt . m?4 h L < «r 

[0063] miiS^kffJ^k LTti. Etttttfy 75 

>\ 3. 9- (3-7i/7-nf;H -2. 4. 8, 1 
O-fFoTt-^-fxtro [5.5] '7>r?7>"^) , 5? 
mifJ7S>a l>^*yl/>y7Sy. ±^'75 77 



/M&7j<7*/U®L t Fo*7K7^;H§. *7KFU 

(7i/-;i/y^7 7 7f) . ^y^/F^r^y i#v 

yjls7T4 VW) . mZ7$y». {Fy^ (^7<^/F7 
= 7^f-;F) 7x7-/F, 2-x-f-;F-4-^-f-^^f $ 
^•y-;HP} . /M^KiS* l = 7 7ft*'7* • xf;l/ 

[00 64 ] BUlEW yy77-NS^l-r^ : &7-v-^ 
OV^T^-f 2>t. F/Fxy^V VS^77-F, >-'7x 
x;M?yi/Myy7t-h, 1. 6 -^V* ^> 
^V^77-F, 2. 2, 4 (2. 2, 4) -hU> 
f/l'-^t^fFyy'fy^t-h, P-7i-1/ 
yy-fVyTt-K 4.4' -yy7oM-/;M^ 
y^yi/77-h, 3. 3'-y7f;l-y7xX;l/ 
4,4' -/MVy7t-F, yT-i/yy^yyT 
7-F, m-JfyPyyMyy7t-h > F'J^^F^ 
j^Uy^'-f y>-77-K •fV7toyy'fyy7t- 
h. 1, 5-t7?l/yy>fyy7t-b. trans 
-1. 4-y7o^y/l'y'(yy7t-h. Wsi? 
A yy7t-hf*>W^5. 

[ 00 6 5 3 HUI5-fy^77-h*^*-r^ ; e7v-Sr 

a-/Mf» . {^y-eyy, h'j^fn- 

^"D^N'y. 1, 2, 6- / MMf>'Fy:t— /F- F'JX 

7 7-;F7 5y^l . 4Wtktetm C^y^xyxy h 
ifl/yy75 F U y>y7Sy, y'7ii 
;F^< ^>-iy'75>. f h7^fD-;l/y?a^t>, 
^f;W3yh'f) . 5lT«g^ft{2. 2. 6. 6 
-f h7^fX ( t KDdfy.*f7U) >-7a^df"ty- 

yW, yxfi/yh>J7$y^) . 6tffi'fb-&fli { vyu 
h"F-;F, vy-h-ik X;u^F-/F^| . SW-it 

u-7d-^i ] . m/tf 'jx-f ;f.-k y - 

^Fgg { MlC'-Ky ^-/FXJirKy 7 S y«07'a fF y^-df 

XxvF^y^-/F [ME^y^-- /Ut^tsSS! I7yf 
o.m, P -7^/F|g, 3^7if. 7-fc'^'fVK, 

t^y^K. yiyy-yF^} t<DM£m, ^'M7n7 

? Fy.-K'J^r-ZF (rK'Je -ilTuJ? hyf I . h F 

[0066] ffigeasUSRfEfcfc*: oT, fi««^»ffl-r4 

ft^a> F 'J 7/F^r/F^T. 7 -r 7 5 7« [ 1 7 

7;>1 { N . N-y7f^y7nMy^7;y, h 
yxf-;U7 = >"»l . ffm-77 = >-^ <f N 
- *1-}V1z)ViV)vm\ . y75>1SIN, N , N ' . 
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N ' -f h^f^xfl/yy'TJ N. N, N ' , 

n' -fh7^fyn, 3-77yyr$yf) . m; 

(N, N, N ' , N ' -^y^f-rt^x^p 
yh'J7i>f} . 5 >JS < N , N , N ' N ' - 

(DABCO) . N, N ' -y7f;l/f<7y>, 1, 
2-y7f;M;?Y-/k 1, 
( 5 , 4 , 0 ) *7 >T* y-7 (DBU)f )■ 

[oo67j *&wiz{%z> v *vj*-ftn.mit. mmw 
mzti^xte. «rie«ig^iKn*fc:»«5#fc: 

[0068] f-**Z^*<onRflcO*rot LT 

mtLXii. T^S-^A, ft. ^-y^/K IFL Xf> 
fcTRRfc $ <i=SrV vF, if * L < 7 )V $ - 

LT{±. TKyxf-u-y-rU^^U-h^ ^UA, t'fD 

[0069] 'J f-7A~^?t!i<7)^tZO^T{i#(cRS 

jesii4t(?!)T«*<. its. ftmatxmsxmtio 

[0070] 

[007 1 ] (ggtfcffll) L i,,,Mn,.„N i 0 . 33 
Co,. 33 0 2 <7>fEgi 

5- %iz-jm&X'&}\-tzmiii?& tz*h<F> a- 7 d- 

>u-rzifcz.fzn&T6<v{><r)X\ mmii 1 5LT' t tji». 

£*>RJ6«Kc*£ 1 3 LA^x, $ £><c P H = 1 1 . 6 t 



Omm^A'W^ Sr Cat fcJH#«SrfflV 1 

T 1 3 5 0 r P mT»t . h-^-Ci ORJEfflrt* 
»SJt«:5 0 , Cfc:ftofc. 1.7mol/L«KZ7jr 

/u*s»l 1 . 1 mo 1 /Lssir? 

- 4wt%t F^^^fctflfWMIifc-Cl 1 : 1 
7 : 0.3 6(L)<Otfl£T8l-&U i^JB^RtrBSKa 
/nVUS 6#ffi0)*gfl4 • 9 2kg»»3-«*\ Ni/Mn/ 
C o = 3 / 3 / 3 (^ifc) eWSCBSiS t Lfz. Z CDW-fA 
®Wl*1 3mL-/m i n. 06mo \ /'LWMTy't 
— <7 A7}Q§y££ 0.9m L/m i n<?3giEMT'^JC4IKil 

awtar t ?t . s tz % RRmftmnun p h an 1 . 3 

A*BHttLT*»6 1 2 0B#fSjf£K#-A-7D-.AM7- 

i - M n - C o a^KflSWW^. 5 U - Lfc . JBR ^ 
L^X5'y-Sr7j<^. ^iSLfe. CltiS 1 0 0*C-C-2 0 

b^hkm Ni-Mn-co n&mc^wkwi& 

Wz. 

[0072] ftbtltz N i -M n -C o&%mWto®*. 
t TKIg-fb 'J -f^^.— *iga*5r Li/(Ni+Mn + C 
o) =1.0 2fc^:SJ:-3tffftL. +^ta^Ufc. 

zixt:T>u$i~MzomzftxA,L. nmptm^x. 

BJSR^SaT. 1 0 O-C/H^T 10 00tiT'# 

a. i o o cctcr i 5B*raf*^L, i o o'c/vrmx- 

^W<^)*S*. Li-Ni-Mn-Co*^BHH«io- 
N a F e 0,flUt*^j-J-*#— fflt'ft 6 £ t 
/t. I CPJ^Ti-WtiO- Li -Ni-Mn-CoS 
^•K-ffc,if%cOffi^{i. L ii. 0 Mn 0 .3 3 N i 0 . 33 Co 0 .33 
Ott^hKtz. js£m&=?W®m ( SEM) lz£& 

B®.wm zn^fz. 5.000 mmn^M $ m 1 ^-r 

ttWBftWi*. ttSW 100^1 #fi^£Ji&j£ 
« LT 1 JJCte^lSSO^^ff {fi t i 6 1 . I um 

0. 6mVgi:ffe(,^. 
[0073] (mm2 ) HtfeW 1 i:(5]«tcM n - N i 

- C oS^ittf*i LiOH • H 2 Ot$rLi : M 
n:Ni:Co = 3. 06:1:1: 1 <7)7CSJ:tt 
J:o?S^L. K*^«oaBiT. 9 5 0'CT'l SUflBER 

jaa-rswji. nsfe^ 1 1 Pi^tc l i , . 0 m n 0 . 33 n 

i 0. 33 C o 0 . 33 O f T*S*l4«J«OI«S«llf*ff« 
Uz. S E M##ft Jt O^ffl L^: 1 iXtt^OTlWttgU 
0. 9 2umt^Uxtz. N 2 fi«fcJ:4BETlfc« 
B5»iS^tt*. 0. 6 5m2/gt*i64>nxt:„ 

[00 74 ] (23tffl3) fcPJaCMn-N i 

- C om%mm?j&b L i OH • H 2 OtrL i : M 
n : N i : Co = 3. 0 6:1:1: lc07€mtktc& 
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j; o &g u . mmtrzcotiSMT . 1 0 5 0 -ex- 1 5 
tmm-thWHt. hj5£#]i tPSK-L i ,. 0 Mn 0 . 33 

N i o. 33 C o 0 . 33 0 2 T'^S:h.l>fflj£^IE@vS%SC£# 
WlLlz. SEMtfWtcJ: OJWlUfe 1 ftEH^^lSfl 
tel. 3 8/xmfc*«>4)ilfe. N 2 iR3»(Cj:SBETJt 

[0075] ) 1 t H«M^M n-Ni 

-Coa^SWHM8*iLiOH-H,OULi :M 
n : N i : C o = 3 . 0 6 : 1 : 1- : 1 ^TCSflJti &l> 
idS-^U ®m*fZ.<?>%i&T. 900-CT-l 5B*ISB* 

HJtWl tH«CL i,. 0 Mn 0 .33N 
i o . 3 3 C o o . 3 3 O 2 $ tlh ffl^OIEfia^ ft * <1%t 

tfz. s e m«-«t c= «t D3tft L/c i actt^oriwca 

te, 0. 1 6 ixmtl^Hbhtltz. N 2 ©*CJ;SBET 
Jta®Sf«!lSl<0*S*. 0. 7.m'/g!:^flfc. 
[0 0 7 6] (gfft0|5) HJ60IJ1 tH«CMn-N i 
-Co tt-£itfUM»3fc t L i OH • H 2 Ot£L i : M 
n:Ni:Co = 3. 06:1:1:1 <97C*lt£: 3r£ 
X 5*g-£U i$«^'X^8SjiTs 8 5 0-C-Cl 5B#Pb1S* 

tRttMCL i,. 0 Mno. 83 N 
i 0.33C o 0 . 33 O 2 -r^Sii&jfflJS;<OiEffiaS1*I»*f^R 
L*:. 5,000g$<OSEM?I (02) IZtrrtX? 

iz. m?<r>$mmi tkmtxm^^xh^tz. 
«k<o 1 aca** 1 0 o^ttttiL. 1 &m?oy-mm 

*»ajLfctS*s 0. 6 4^mi:il<* , )^fX7 , i„ N 2 ©# 
fcJ:4BETtf^BaWSlJ&0*6*. 0. 7 5mVgt 

[0077] (tmmi) mtmitmmzMn-Ni 

-ComWM'g.t LiOH-H 2 Ofc£Li:Mn:N 
i:Co = 3. 30:1:1: 1 COitmitt^i X 3rl 
£U BSttfAOiifEilT. 1 10 0*CT'l 5^HSMft«ya 
■T *£WHi, 1 t L i , . 0 M n o. 33 N i 

0.33C o 0 . 33 O 2 T^3;h.£l&j£<o:EfivS^£f£S!L 

. s e M#»f e j: 0 urn Lfc 1 iXttT- wwsu 

3. 2Atmt*a64>^. NjSi^tzil.BETitSffi 

[0078] utmfl2) mtmitmmizMn-H i 

-CoflUHMffcLiOH • H 2 Ofc£L i : Mn : N 
i:Co = 3. 15:1:1: KDytmttt^l X oiS. 
£U BaMfXtf>g[ilT\ 1 050*CT4 5B$EE*ffiS 
■f &tBOT 1 t EWfcL i , . o M n 0 . 33 N i 

0.33C oo.330 2 T*Sil4««<OjEffi?S1*Jf*fPS!L 
fc. 5,0 0 0fg^OSEM^X (03) (CSrtid 

ffit=f- i 1 0 0 ,£tttii L . 1 ftft? <?>¥%&fl£3t£ii L 
fctt*. 2. 6 J um£** , >4>:fL*:. N 2 8*£«J:4BE 
TJ±*ffiME<Dl£5L 0. ln^/gfc^ibfcfifc. 
[0079] (LiNi 0 .3 3 Mn 0 .33Co q ,33O 2 i?)H 
TtWgmiZl^X ) jEffiriftftt LTfiEJflSfifcL i N 
i 0.33 M n 0.33 C o 0.33 0 2 (i. *fil£x\;L i.Mn.N i„ 



CotOjtCfcM, (a. b, c) = (0. 33, 0. 
3 3, 0 . 33) X'fo&CDX\ ffl 5<VE.Ktt&Mz^-f 
XolZ. (a. b. c)*^A(0. 5, 0. 5, 0) 
t&B (0. 45. 0. 55, 0) t j5C ( 0 . 2 5, 
0. 35. 0. 4) ij£D (0. 3. 0. 3.0.4) 
fc£]H£fc-f*EaJBABCD<0rt»caq3ELTV>S.I 

[0080 3 ( U f^AZStiit^ ) JEtlvS^KT 
3iS±ie^)«fc-5t-tT^L^L i1.0Mno.33N i 
o.33Co 0 .3 3 0 2 i:. ICHtt J7*fVy/7 7? 
Xt^tS*»]-CA 4 * 'J 7 -y It t- 'JfV(PVdF) 
*. fi*Jt8 5 : 1 0 : 5 <*)»]£ "Cfi-& U N-^f-^ 

- 2 - en 'j f y ( n m p ) itnlx+-StfBM t . IE® 

^-Xh£*t£. BUtfilE^-X 2 O^mCOT 

■%-i&<pxs%mtm. wtnmzffinizmitii. msr 

1 3 01CC1 2B*|B»S*LfcfJL U lcm* 

[008 1 3 ftffitfST*4AJfi*«B 6 ju 

m. x-y^XlStltft}ifetcJ:l>ffirail ( d 002 ) 0. 3 3 
7nm, c $*#I*]Ot£b b bT<59*£ £ ( L c ) 5 5 n m ) 
'J 7 -y -ftt"- iJtXPVdF) £fi3Jt 9 5 : 
5 c7)fiJ-&-C?I-& UN—* 2-toiJKXNM 
P) «rHtf.T+#S«U tl^h^. 
H«fem@^-X h*/J$ 1 5x<m<7)ii?Sm«#:±il$ 1 

2 m(?5«W»JfS<?5— ^ffi^S6^ $) 2 5 °C<Dft ; & 

*x-umimk. rnn^mzmmzm^L. »eti 3 
o-cT- 1 2 osiswai* u^a. ruxunx l . 1 cm 2 <?)R 

«*fc:IWBfL. Lit. xf-P>^-.1f*-ha^ 

^'x^;^-*'^-h5r*»itl : 1 U/c 
«^jSP«t=. *7 L i P F 6 £ 1 

mo 1/1 0?®STW$-tt. **«WK*ffJ«Lfc. 
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